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Highest Industry Award for Sustainability.” 


By identifying EOL, obsolete and NRND products, Mouser delivers the newest components to advance greater energy 
efficiency and longer product life. And that’s good for the consumer and the environment. 


Fastest introduction of new products 
~ 2000+ microsites and resources 


Accurate, same-day shipping 
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by EDN staff 





Oscilloscope math 
functions aid 
circuit analysis 





Use an oscilloscope’s math 
é to measure parameters that you 
can't measure directly. 





by Dwight Larson, 
Maxim Integrated Products 


Compliance with POE safety 
standards is critical when moving 
beyond 60W 


/ Understand the realities of safely and effectively 
“r | delivering high power levels that comply with 
the latest POE standard. 

by Daniel Feldman, Microsemi Corp 
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Understand and reduce 
dc/dc-switching-converter 
ground noise 


Once you understand the two primary noise 
/ sources, you can minimize them. 

by Jeff Barrow, 
Integrated Device Technology Inc 











WDM Coherent 


No matter what your 100G application needs are, we’ve got the perfect solution for you. 


Other systems are optimized for either short or long reach applications, meaning a compromise on the 
other. The Centellax 100G BER test solution is versatile enough for all your 100G testing requirements, 
whether it’s 100GbE Coherent, DP-QPSK, CEI-28G-SR, or 100G WDM. 


Need to start with a single lane only? No problem. We offer a seamless, no trade-in upgrade path 
to a 2 or 4 channel solution. This gives you the option to upgrade at anytime without downtime trom 
disrupting your current test stations. 


Centellax Signal Integrity Studio software provides a clean interface for measurement setup and control 
in both single lane and multi-lane implementations, including 4 channel jitter tolerance measurements. 


See for yourself by visiting 
goo.gl/IrWht or by scanning 


the QR code with your JE C ENTELL AX 


smartphone 
SIGNAL INTEGRITY MEASUREMENT 
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Adlink expands Analyzer lets you examine 
PXI/PXle-instrument family _ optical and electrical data 
streams 





The smart grid isn’t getting 
smart enough fast enough, Single-layer touchscreens gain 
says MIT report 7 new controllers, ITO sensor 








Buck-boost controller Overvoltage protectors use 
for HB LEDs delivers reverse-bias blocking 
more than 100W : 





Tl partners with iRobot to take 
IMEC offers 14-nm OMAP into robotics 
development kit 








Digital MEMS microphone 
targets smartohones 
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e’re not like the others. 


We may be called an independent distributor but we’re so much more than that. 


Oni y America II Electronics has a 10-year guarantee on all our products sold. If 


we will replace that part or refund the cost of the component—so you can buy with 





e Authorized lines 

¢ Third-party in-house test facility 

20,000 square foot distribution facilities 

ore than 3.5 billion semiconductors in stock and ready to ship 


arts from over 1,900 manufacturers 
AP-101 Certified™ in counterfeit avoidance and detection 


¢ ISO 9001 and ANSI $20.20 certified 


° ember of IDEA and ERAI 
877.845.4393 


ffices in the US, UK, Germany, China, 
ingapore, Japan and Mexico www.americaii.com/edn 





JOIN THE CONVERSATION 


Comments, thoughts, and opinions shared by EDN’s community 





_ +. Inresponse to “Overengineering: How much 

ge is too much?” a 1998 editorial by former EDN 
at i Technical Editor Paul Rako, http://bit.ly/zvqi6l, 
A ev Jeff Luminais comments: 
‘I have always felt that one hurdle that has to be overcome for any 
engineer is to resist the little voice inside that says, ‘You are not good 
enough.’ (This effect is even more pronounced in many young software 
engineers.) This [belief] often leads to compensatory behavior; that is, 
proving to yourself that you are good enough by overcomplicating the 
design. The best designs use just enough technology to accomplish the 
goal in a cost-effective manner.” 





YZ In response to “Do, make, design, build, and 
fix the future of STEM,” an editorial by EDN 
_~:=; Managing Editor, Online, Suzanne Deffree, 
“ae _ http://bit.ly/zVxH5r, TIM comments: 


‘l’ve been involved in Vex and FIRST robotics. It is truly inspiring, and ... 
it brings me [hope] to see these kids in action. 

One criticism I’ve heard of our university system is that the fun in 
learning that these kids have experienced in elementary/middle school/ 
high school isn’t happening in college. Maybe beer and hormones [are] 
getting in the way ;( 

It seems to me that the focus has been on STEM, but ! think we 
would be better off with STEAM (science/technology/engineering/art/ 
math). It seems that the maker community understands that [concept] 
Leonardo da Vinci comes to mind. We as a culture need to promote 
development of both sides of the brain.” 






EDN invites all of its readers to constructively and creatively comment 


article and blog post. To review current comment threads on EDN.com, 
visit http://bit.ly/EDN_Talkback. 
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Big 


Opportunities to get involved and show your smarts 





USA Science & Engineering Festival 


There will be more than politicians in Washington this April. Come on down and hang out with 





| SOURCE 


CONTENT 


Can’t-miss content on EDN.com 





PRIMARY 


IDEAL TRANSFORMER LOAD 


_ USING A POWER 

_ TRANSFORMER AT A 

_ FREQUENCY IT WASN'T 

_ DESIGNED FOR 

_ A perennial question for designers 

__ is whether a power transformer built 
_ for one line frequency can be used 

_ with another. 


| http://bit.ly/GNrUCf 


_ IN-BROWSER CIRCUIT 

_ SIMULATOR TACKLES 

_ CIRCUITS FROM SIMPLE 

_ TO COMPLEX 

_ Analog- and mixed-signal 

_ simulations should be part of every 
_ circuit designer's tool kit—if only 

_ to enable them to say what they 

_ dislike or distrust about them. 

| CircuitLab is a brand-new start- 
up from two MIT EE grads that 

| makes circuit simulation about as 
_ painless as possible: It’s all within 


on our content. You'll find the opportunity to do so at the bottom of each — 
_ the browser. 


| http://bit.ly/ygv3Xm 








~ USAsciences 
EERINGS 





scientists and engineers at the second USA Science & Engineering Festival. This event will feature 

more than 3000 fun, interactive exhibits; more than 100 stage shows; and 33 author presentations, making 
it one of the largest celebrations of science and engineering in the United States. Join editors from EDN, 
Innovation Generation, and EE Times at the Walter E Washington Convention Center in Washington on April 


_ 28 and 29. Find more information at www.usasciencefestival.org. 
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It’s my turn 


EDN.COMMENT 


, 





BY PATRICK MANNION, DIRECTOR OF CONTENT 


| then I’d have to worry about losing that 


to tell Apple what to do 


pple: Make me a pair of decent headphones. That’s it. Then, 


ke the remaini illion left over aft tock 
take the remaining $87 billion left over after your stoc ~ comfortable headphones at Brookstone. 


buyback and figure out how to stop people who don’t know | They are so comfortable that I forget | 


what they’re talking about from telling you what to do. 
It’s pretty amusing when you think about it. Apple is 


to sit back and tell it what to do and act as if it matters what they say. 


For example, many may exclaim that — 
it’s just not “right” that Apple employs | 
so many workers overseas. I’m not as _ 
smart as the officials at Apple or many | 
of these people who criticize it, so I — 
must defer to the outcome to come to — 
a conclusion: Apple ended 2011 sitting | 
on more than $97 billion and can now | 
give its shareholders dividends, which | 


the company hasn’t done since 1995. 


Oh, and I also have a cool iPhone and © 
am looking forward to getting an iPad 
3, because it’s great technology at a _ 
relatively reasonable cost. Thank you, — | 
| edge,” instead of doing targeted research | 
- focusing on the bottom line. Cox was — 
talking about the kind of research that | 
_ was once the hallmark of Bell Labs sci- 
_ entists of yesteryear. What could crystal- | 


Apple, for changing the world and mak- 


ing those who were asleep at the wheel | 
pay a bit more attention to innovation | 


rather than stagnation. 
Besides my headphone problem, 


which I’ll elaborate upon later, what got — 
me on the give-advice-to-Apple train? It — 


was a pleasant and refreshing video from 


physicist Brian Cox on BBC (Reference — 
1). In it, Cox doesn’t tell Apple what | 
it should or shouldn’t do; he just puts | 
its potential in perspective, relative to 
the United Kingdom’s and most other 
governments’ entire government R&D © 
budget over the past 20 years. He then © 
imagines what could happen if these — 
governments were to put aside some of | 
that capital to free up a few engineers to © 
have fun, to follow their curiosity, “to — 


10 EDN | APRIL 5, 2012 





literally play at the edge of our knowl- 


lize from that curiosity-led research? | 


tinuous R&D on the candle.” 


when and where I| can and to listen to 


investment. Yet, what | find for less 
| than $100 isn’t working out too well, 
_ either. Big headphones are too bulky; 
_ ear-bud headphones block out too much 
| ambient sound, which is a bad scenario 
_ for running, and they pop out when you 
_ perspire. “Athletic” headphones from 
~ companies such as Sports Authority 
lack microphones. Then there’s poor 
- design: Two of the sets I bought had 
_ bum microphones that crashed after a 
couple of months. 


On my last trip, I bought a pair of 


have them on; they allow me to hear 
ambient sounds yet have decent sound 


right now the most exciting and successful technology — 


company in the world. Yet, bystanders with no skin in the game are happy | Walter Isaacson’s biography of Steve 
_ Jobs (Reference 2) and wondering why 
_ Jobs didn’t spend more time making 


_ better headphones. 


reproduction. I’m now listening to 


Beyond better headphones—and 


that idea is just a suggestion from a 
_ user, not advice—I wonder what Apple 
could do with all those billions. Could 
| it do more research into understanding 
_ the brain and how to interface it with 
— technology? Could it play more at the 
~ nexus of physics, chemistry, and biology 
_ to create new areas of exploration and 
- innovation? Neither the iPad 4 nor the 
_ iPhone 5 excites me, though they may 
_ make investors happy—not that there’s 
~ anything wrong with that. I’m sure that 


somewhere in my 401(k) plan there 
are a few bucks invested in Apple. So, 
Apple, go forth and prosper! 

In the meantime, where would you 


_ spend $87 billion if you could play at 
— the edge of our known universe? Also, 
particularly like his comment that the | 
“electric light wasn’t invented by con- | 
- phone, let me know! £ON 

So, what can Apple do? For one 
thing, how about more research into | REF 
headphones? I have bought—and for 
various reasons have dumped—at least — 
four sets over the past year. I like audio- | 
books, I travel a lot, and I like to jog | bbc.in/GACsp3. 
| Gilsaacson, Walter, aes ie simon & 
music and then make and take calls — -9. 
when necessary. I know I could spend | 


hundreds on a pair of headphones, but | 


if you have a suggestion for a pair of less- 
than-$100 headphones with a micro- 





LE Cox, Brian, ixpale could reignite 
‘Victorian age of engineering,’” British 
Broadcasting Co, March 2012, http:// 


Schuster, 2011, ISBN: 97 6-4853 














Contact me at patrick.mannion@ubm.com. 
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OVER 800 STYLES AND 
OPTIONS IN STOCK 


Suitable for applications subject 
to high amounts of vibration 
and shock, Mill-Max pins 
and receptacles are available in 
diameters from .008” (.20mm) to .250” 
(6.35mm). Receptacles feature a 4 or 6 finger 
epepilinin copper or beryllium nickel contact to 
ensure integrity of connection for use in the 
harshest environments. 









Don’t see what you need? Rapid 
prototyping and custom designs are 
our specialty. 











Adlink expands 





PXI/PXle-instrument family 


X!| and PXI Express continue to grow 

as platforms for automated test. Tar- 

geting that market, Adlink has added 
a chassis, a controller, and two I/O modules 
to its PX! product line. The $3600 PXES- 
2590 chassis provides nine hybrid PXI/PXle 
slots—an industry first, according to the 
vendor. The chassis provides as much as 
8-Gbyte/sec data throughput, with 1 Gbyte/ 
sec dedicated to each I/O slot. The chassis 
uses four-lane PXle, in which each lane han- 
dies data transfers for two I/O slots. Adlink 
has also released the PXle-3975 system- 
controller module, which uses a 2.4-GHz 
quad-core processor. 

The $3600, two-channel, 24-bit PXI-9527 
dynamic-signal-acquisition digitizer module 
has two analog outputs and is also available 
in a PCI version, the PCI-9527, for appli- 
cations in a desktop or an 
industrial computer. 


& ADiinn 


The PXES-2590 
provides nine hybrid 
PXI/PXie slots and 
as much as 8-Gbyte/ 
sec data throughput, 
with 1 Gbyte/sec 
dedicated to each 
slot. 
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| The module’s maximum sample rate is 432k 
_ samples/sec on each channel simultane- 
| ously sampled because it uses a dedicated 
_ ADC per channel. Targeting use in audio and 
| vibration applications, the PXI-9527 contains 
signal conditioning for integrated electronic- 


piezoelectric sensors. 
The company also offers the $2700 PXle- 


| 9842 module, which samples at speeds as 


high as 200M samples/sec with 14-bit res- 


~ olution and 100-MHz analog bandwidth on 
~ one channel. It’s also available as the PCle- 
9842 for desktop computers. All modules 
| have software drivers for Windows 2000, XP, 
and Vista/7; LabView; and Matlab. 


—by Martin Rowe 
»Adlink Technology, 


| www.adlinktech.com. 
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EDITED BY FRAN GRANVILLE 


~)' TALKBACK 
“Pushing for more 





"engineers devalues 
_ the work of [cur 


rently practicing] 


_ engineers: excess- 
| supply economics. 


Many engineers live 
in cubicles, mak- 
ing little more than 


_a draftsman, and 


lawyers have nice 
offices, making two 


| or three times more 
| than any “eee 
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Oulse 


The smart grid isn’t getting smart enough | 
fast enough, says MIT report 


s the US power grid © 


attempts to accommo- | 
date less predictable — 
solar- and wind-based energy — 


sources, the grid’s speed 


becomes key to balancing fuel- | 


burning power sources with 


renewable sources. Unfortu- 2 
nately, the power grid is not © 


getting smarter fast enough, 
according to a recent report on 


NPR from the Massachusetts | 
Institute of Technology’s Energy | 


: Institute (Reference 1). 


The idea of a smart grid | 
brings to mind the fancy new — 
meters that the utilities have 
been installing in homes that 
allow consumers to have greater - 
insight into how much energy 
they are consuming and when | 
and at what cost they are con- — 
suming it. However, at the level - 


of intelligence companies such 


as Cisco and Silver Springs are | 
pushing, “smart grid” means | 
really smart, such as making | 
energy-routing decisions at | 
_ talked more than four years ago 
about how an intelligent grid is | 
_ a temporary glitch. So, the cir- 


nearly instantaneous speeds. 


Human operators currently © 


make these decisions and 
base them on a combination 


of weather forecasts and the | 
energy available from reliable 
_ “The power-distribution sys- 


fuel-burning plants. In Califor- 
nia, for example, these base- 


line energy sources are shift- 


ing to the use of natural gas, 


a source that can come online | 


and go offline more quickly and 






DILBERT By Scott Adams 
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more economically than coal | 


or nuclear power and also is | 
cleaner than using coal. “The | 


operator does not have control 
of when to turn [the renewable- 
energy sources] on and off,” 


says Ernest Moniz, director of | 
the Energy Institute at MIT. “It’s 


have to do sophisticated signal 


processing just to extract the | 
parameters that tell you what’s | 


going on. Through digital signal 
processing, we get the informa- 


| tion that tells us the real and © 
reactive power flow that detects | 
and locates problems in fault 

_ that solving the problem of 


, Grid operators could 
accommodate the vagaries 
of wind and solar if they moved 
power around the grid minute by 
minute instead of hour by hour. 


a new challenge that we just 
have to meet, and we’re not | 


doing it at anything [approach- 
ing] the pace that ... we need.” 
Another equally volatile com- 


ponent is that the grid is prone | 
to failures that human operators | 


cannot resolve quickly enough. 
Jeffrey Taft, an intelligent-grid 
architect for IBM and now in 
a similar position with Cisco, 


more robust (Reference 2). 


‘There are a lot of parameters — 


that you have to derive from 
basic waveform data,” he said. 


tem is a three-phase system 


with complex connections. Its 
waveforms should nominally © 


be simple sine waves, but . 
in practice, they’re not, and you 
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ine. 


signatures and event corre- 


_ lations. We can tie that data | 
_ together across multiple sen- 
_ sors and multiple power lines. 


“For example, an ordinary cir- 
cuit breaker can operate multi- 


a branch falls and shorts out 


| two power lines. The short may | 


be temporary and burn away; 
you don’t want to trip a circuit 
breaker and lose power due to 


cuit breaker opens up the cir- 
cuit, waits, closes it, and sees 
if power is there. It can repeat 


_ this process several times, and, | 
~ every time the breaker closes, it 
causes another surge of current 


through the breaker, the trans- 


.. | former, and the lines, causing 
serious stress on the ee, 
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“ment. If you could tell imme- 
_ diately from the power wave- 


- forms that it was going to be a 


permanent fault, you wouldn't 
do the reclose cycling. Other 
power scenarios may play out 
over weeks or months.” 
Michael Goggin, manager 
of transmission policy at the 


| American Wind Energy Asso- 


ciation, the biggest industry 
group for wind energy, thinks 


balancing and routing energy 


sources is easier than MIT 


makes it out to be. “There are 
lots of misconceptions about 
backup power,” he says. “All 


power plants are backed up by 


all other power plants.” Goggin 
adds that grid operators could 
accommodate the vagaries of 
wind and solar if they moved 
power around the grid minute 
by minute instead of hour by 
hour as they do now, a scenario 


| that requires the level of intel- 
ple times to see if a fault is | 
going to ‘self-heal.’ Let’s say | 


ligence that Cisco and Silver 
Springs champion. 
According to the report, 


“One thing the experts agree - 


on: Since wind and solar energy 


| are all about the weather, grid 


operators will need to hire a lot 
more weather forecasters.” A 
better forecast would be for the 
need for utilities and their con- 


| tractors to hire DSP and com- 


munication engineers. 

— by Margery Conner 
~»Massachusetts Institute 
of Technology, 


| www.mit.edu. 


»National Public Radio, 
Www.npr.org. 
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Buck-boost controller for HB LEDs delivers 


more than 100W 


igh-brightness LEDs offer many © 
H advantages, making them suitable 

for diverse applications, but that — 
diversity brings with it the problem of how | 
to provide the requisite power with proper | 
regulation and protection, especially when 
the source rail has dramatic transients, — 
such as those in automotive-load dumps, | 
for example. Addressing this problem, the | 
LT3791 synchronous buck-boost converter 
driver/controller for HB-LED strings sup- | 
plies 5 to 100W over a 4.7 to 6OV input | 
range with high efficiency; tight output | 
regulation; and high output-current accu- | 
racy, which is critical in many situations. It | 
also operates from voltages lower than, at, | 


or higher than the desired output voltage. 


The device includes a four-switch buck- 
boost controller, which works with four | 
external switching MOSFETs to deliver cur- 
rent and, therefore, power to the LEDs at | 
efficiency as high as 98.5%. Current out- | The synchronous LT3791 buck-boost driver/controller supplies HB-LED strings; oper- 
put is accurate to +6%, and output voltage | 
accuracy is +2%, so the unit can operate as 
a constant-voltage source. Switching fre- . 


quency is user-settable at 200 to 700 kHz, 
and the device requires only one inductor. 


Three internal control loops monitor input 
current, LED current, and output voltage for | 
performance and reliability. For the increas- | 
- disconnects from the input voltage during | 


ing number of applications that require dim- 


VINE 


INPUT- 
CURRENT O 
MONITOR 


OUTPUT- 
CURRENT O 
MONITOR 


SHORTLED UV 
OPENLED O 


ANALOG 
DIMMING 


PWM DIMMING O 





ates lower than, at, or higher than the output rail; and tolerates erratic supply rails. 


_ ming, the IC can use either analog or pulse- — 
_ width-modulated dimming control. For the 
| inevitable fault scenario, the IC features 
_ protection against both open and shorted | 
LEDs and reports these malfunctions using | and —55 to +150°C.—by Bill Schweber 


| »Linear Technology Corp, 


status lines. Further, the output voltage 


“node research wafer fab 


that co 


16 EDN | APRIL 5, 2012 


ntains an EUV- 


shutdown. The LT3791 comes in a 38-lead, 
thermally enhanced TSSOP; operates at 


_ -40 to +125°C; and sells for $4.75 (1000). 


Versions are also available for —40 to +150°C 


www.linear.com/product/LI3791. 


tor materials, and 
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pulse 


Analyzer lets you examine 
optical and electrical data streams 


omplex modulation, | 


such as quadrature 
amplitude modulation 


and quadrature-phase-shift : 
keying, can achieve data rates | 


dae MenSetwe Teac Riker Wires tiie atp: 
= OS Bay ph, WM se 
¥ ak 


of more than 25 Gbps per lane. — 
_ These techniques have become | 
| more widespread over the last 
few years as 40- and 100-Gbps 
links become more popular. In 





The N4392A optical-modulation analyzer relies on height rather 
than depth, taking up relatively little bench space. It is light 
enough to travel from bench to bench. 


Modulation analysis on both 


- optical and electrical signals is © 
also moving from the lab and — 
_ into production, where com- | 
' ponents need verification. The | 





- N4392A can let you view con- 

_ stellation diagrams and per- 

| form vector-signal analysis on 

an optical transmitter’s output 
some labs, engineers are devel- | 
oping enough optical and elec- | 
trical products to warrant the 
need for more than one optical- 
modulation analyzer. Seeing | 
_ that trend, Agilent Technolo- 
_ gies has developed the four- 
| channel N4392A optical-mod- 
| ulation analyzer, which has a 
_ 15-in. screen. Borrowing from — 
_ popular oscilloscope packag- 
ing, the N4392A relies on height 
| rather than depth, taking up rel- 
| atively little bench space. With | 
a weight of 13 kg (28.7 Ibs), the © 
~ N4392A is light enough to travel 
_ from bench to bench. 


modulation. Eye diagrams let 
you see demodulated data 
streams. Because engineers 
can use the instrument for 
electrical or optical signals, it’s 
available in three versions. The 
N4392A is available with optical 
receivers, electrical receivers, or 
both. Each receiver contains 
a 63G-sample/sec ADC and 
an RF amplifier, which enables 


_ the instrument to capture 
- 82-Gbaud modulated signals. 


The four electrical signals are 
differential; hence, it has eight 
connectors on the front panel. 


_ The optical receiver covers the 
range of 1527.6 to 1565.5 nm. 


Prices start at $165,000. 

—by Martin Rowe 
»Agilent Technologies, 
www.agilent.com. 








Single-layer touchscreens gain 
new controllers, [TO sensor 


martphones and tablets, with their — 
infinitely customizable multitouch | 


screens, have trained consumers to 


expect the same degree of versatility in all | 


devices, from cars to refrigerators to medical 


electronics. Targeting these users, Atmel’s | 
‘MaxtTouch line of touchscreen controllers | 
such as pinch and stretch, 


supports consumer and industrial applica- 


tions. The company has now added the | 
mXT768E and mXT540E automotive-quali- 
fied controllers for 5- to 10-in. touchscreens | 
_ the screen. 
navigation systems, radio-human-machine | 
interfaces, and back-seat entertainment — 
of 5 to 10 in. that the auto- 
Conventional controllers for capacitive 
~ phone touchscreens, how- 
the multilayer touchscreen to prevent noise © 
_ thinness and lightness are 
- paramount in these handheld 
to-noise ratio of 80-to-1, eliminating the 
_ gle-layer-touchscreen market 
_ for handheld mobile applica- 
_ tions, Cypress Semiconduc- 
~ tor’s new SLIM (single-layer- 


and touchpads in center-stack displays, 


systems. 
. touchscreens require a shield layer within 


coupling from the LCD. These automotive- 
qualified MaxTouch devices offer a signal- 


need for shields; enabling a single-layer sen- 
sor designs for lower-cost, thinner stacks; 
and resulting in higher product yield during 


automotive-system production. A high SNR 
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Users can perform multitouch gestures, 
but the system classifies and 
rejects unintended touches, 


such as a resting hand on 


The Atmel controllers work 
with the larger touchscreens 


motive world requires. Smart- 


ever, are 5 in. and smaller, and 


devices. Targeting the sin- 





Atmel’s mXT768E and 
mXT540E automotive 
controllers find use in 

5- to 10-in. touchscreens 
and touchpads in center- 
stack displays, naviga- 
tion systems, radio- 
numan-machine inter- 
faces, and back-seat en- 
tertainment systems. 


— independent-multitouch) sensor provides 
| touchscreen accuracy and responsiveness 
| with a true single-layer sensor panel. It 
| enables users to perform gestures such as 
also enables detection of touches from a | 
gloved finger, an important operating mode | 
_ for automobiles. The devices embed single- | 
and dual-touch-gesture calculation as well 
| as postprocessing algorithms, which elimi- | 
_ nate the detection of unintended touches. | 
cost by approximately 40%. Manufacturers 


pinch, zoom, flick, drag, swipe, and others 
requiring more than two fingers. The sin- 
gle-substrate, single-layer indium-tin-oxide 
touchscreen sensor requires no additional 
insulation layers or bridges, reducing the 
sensor module’s thickness and the sensor's 


can deposit SLIM directly on 
the device’s cover glass. 

Cypress’ new TMA140 True- 
Touch touchscreen controllers 
for low-cost mobile phones 
offer multifinger Support and 
high SNR for screens as large 
as 5 in. They also support the 
company’s Charger Armor, 
which uses adaptive frequency 
hopping and other techniques 
to prevent false touches due 
to excessive noise from a 
charger. 

— by Margery Conner 

» Atmel, www.atmel.com. 
Cypress Semiconductor, 
www.cypress.com. 
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Overvoltage protectors use 
reverse-bias blocking 


axim Integrated Prod- | | 
ucts’ new MAX14606 | 
and MAX14607 over- 


voltage protectors feature 
reverse-bias blocking so that 
two power sources can be 
safely interfaced simultane- 
ously without damage to either | 
one. Two integrated back-to- © 
back FETs prevent the voltage | 


at the intended output 
from feeding back into 
the input. Without this 
reverse-bias blocking, 
users would have to use 
multiple discrete, space- 
consuming external 


components to protect USB 
PORT 


the end equipment. 
Targeting use in 
portable electron- 
ics, the MAX14606 
and MAX14607 auto- 
matically choose the 
accurate internal trip 
thresholds. The inter- 
nal overvoltage-lock- 
out voltages are typi- 


have thermal shutdown to pro- 
_ MAX14607 operate over the 


tect against overcurrent events. 


Other features include soft | 
start to minimize inrush current 
and internal 15-msec start-up | bump, 1.3x1.3-mm WLPs; and 


| sell for 91 cents (1000). 


debounce. 


The devices offer operat- 
ing-input-voltage protection of 
2.3 to 386V and an ac-OK bar, | 
which indicates that the input is | 





in range. The MAX14606 and 


extended temperature range 
of —40 to + 85°C; come in nine- 


— by Fran Granville 
»>Maxim Integrated 
Products, 
www.maxim-ic.com. 
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APPLICATION 
PROCESSOR 


cally 5.87V43% and the MAX14606 and MAX14607 overvoltage-protection devices feature 
6.8V+3% for the 14606 internal, back-to-back, 54-mQ-typical-on-resistance FETs that allow 

and 14607, respec- as much as 3A of continuous current and protect low-voltage systems 
tively. The units also against faults as large as 36V. 


exas Instruments has — 
partnered with iRo- | 
bot Corp, developer of | 


_ which TI licensed from ARM, 
and the PowerVR SGX544 | 
dual-core graphics, which 
TI licensed from Imagina- | 
tion Technologies Group. TI | 


the Roomba vacuum cleaner, 


to develop robotics technol- | 
ogy employing TI’s open multi- 


media applications platform. T| 


developed the OMAP range of | 
multicore devices as application — 
_ The OMAP5430 targets prod- 
ucts with tight size constraints 


processors for mobile phones, 


and they generally use an ARM- 
processor core plus one or more 
specialized processors to sup- | 
port multimedia and wireless | 


communications. 
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Tl partners with iRobot 
to take OMAP into robotics 


The latest generation of | 
OMAP, the fifth, uses a dual- | 


core Cortex-A15 processor, 


has so far designed two ICs. 


and supports dual-channel, 


LPDDR2 package-on-package — 
_ memory. The OMAP5432 tar- 
_ gets use in mobile computing | 


and consumer products that 
_ are more cost-sensitive with- 
_ out the size constraint and that — 
- support dual-channel DDR3/ 
DDR3L memory. Both devices | 


use a Tl-defined, low-power, 
28-nm fabrication process. 


Tl does not indicate whether | 
_ partnership with iRobot would © 
use OMAP 5 or earlier ICs or — a 
would involve the development 
_ of future OMAP chips. § 
—by Peter Clarke — 


>TI, www.ti.com. 


»iRobot, www.irobot.com. q 
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SIGNAL INTEGRITY 


BY HOWARD JOHNSON, PhD 


DC-blocking-capacitor 


performance 


de-blocking circuit must not distort the data passing through it. 


Figure 1 illustrates a typical electri- 


cal model of a dc-blocking capacitor as 
you might apply it in series with a serial | 
link. The model shows one PCB-trace _ lists typical values for a garden-variety, — 
EIA 0402-sized, 6.3V capacitor. The | 
- figure also includes a fourth element, — 
That element represents the © 
_ parasitic capacitance between the physi- 
cal capacitor body and all other nearby | 
| tance is to cut a small, round void in 


input and one output. Physically, the 


capacitor solders onto mounting pads | 


that connect the input and the output | C 


traces. Electrically, the figure substitutes 


for the physical capacitor a schematic — 
comprising the three main elements — 
of the standard electrical model for a 
represents the nominal | 


capacitor. C,.1, 
capacitance of the component. L 


with the pads, vias, and any parts of the | 


‘SERIES 
is the layout inductance associated | 


verses. Ries { 
resistance of the component. Figure 1 


BODY’ 


objects, including the reference planes. 


The first step in any circuit analysis — 
involves a quick evaluation of the cir- | 
- cuit impedances to see whether you can | 
ignore any elements. Assume a link rate | 


— of 6.25 Gbps, for which the frequency | 


EIA 0402 CAPACITOR 







Ceutk 
1 uF 
(0.00005Q) 
IN PCB TRACE 
] 


a” 
REFLECTION 


Piseries 


(19) 


PCB TRACE, 


Figure 1 In a dc-blocking capacitor, the impedance magnitudes, in parentheses, at 


3.125 GHz of C and R 


BULK SERIES 


most important. 
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are negligible. The values for L 


series ANG Cyopy are the 


_ of the alternating 101010 pattern, the 
_ fastest pattern you can make, equals 
3.125 GHz. Figure 1 lists the imped- 
_ ance magnitudes of the four model ele- 
_ ments at that frequency. 


Y, 


The impedances of the bulk capaci- 


tance and the series resistance are 
negligible; the series inductance and 
_ parasitic-shunt capacitance are the 
_ significant elements. The circuit looks 
_ like one short section of a ladder-cir- 
cuit model for a distributed transmis- 
_ sion line. The impedance of the circuit 
de-blocking capacitor, which you commonly apply in series | equals VL g..),./C where L 
the series inductance and C 


with each data wire in a differential link, can serve many © 


purposes. It can, for example, shift the average dc-bias level | body capacitance. 


of the signal to adapt logic families using different voltage | input terminus, if the qc ae 


standards. It can protect the transmitter, the receiver, Or much body capacitance and too little 
both from destructive overload events that can happen | 
due to poor power-up sequencing. It can function as part of a circuit that | below the PCB's trace impedance, and 


detects when the lines are disconnected. In all of these applications, the | the circuit reflects a brief negative pulse. 
_ If, on the other hand, the circuit has too 
_ much series inductance and too little 
| capacitor body the signal current tra- 
| is the equivalent series © 
_ ance, the circuit reflects a brief positive 
_ pulse. Adjust the inductance and capaci- 


seRiEs }§ 
reall the 


SERIES’ ~ BODY’ 


When a rising edge arrives at the 


series inductance, the impedance falls 


body capacitance, so that the imped- 
ance exceeds the PCB trace’s imped- 


tance to the correct ratio, and the circuit 
becomes almost completely electrically 
transparent. That is the secret to excep- 
tional blocking-capacitor performance. 
One way to lower the body capaci- 


the reference-plane layer right under 
the capacitor, thus relieving the capaci- 
tance to ground and slightly increas- 
ing the series inductance. Both effects 
increase the circuit impedance. 

An analog engineer may suggest 


_ that you intentionally shrink the value 
_ of the bulk capacitance until the fre- 
_ quency of the series resonance formed 
_ by the bulk capacitance and the series 
_ inductance coincides with 3.125 GHz. 
_ Unfortunately, tuning the bulk capacitor 
Air | in that way gains advantage only in one 
| narrow band and still leaves the para- 
_ sitic body capacitance to create reflec- 
tions. Enlarging bulk capacitance until 
_ its impedance becomes negligible leaves 
~ you with only series inductance and body 
_ capacitance to consider. You can bal- 
ance these elements against each other 
_ to obtain almost ideal performance.EDN 
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Optical Isolators are the only isolation device 
meet or exceed the IEC 60747-5-5 International 
Safety Standard for insulation and Isolation. Stringent 
evaluation tests show Avago’s optical isolators deliver outstanding 
performance on essential safety and deliver exceptional High Voltage 
protection for your equipment. Alternative isolation technologies such 
as magnetic or capacitive isolators do not deliver anywhere near the 
high voltage insulation protection or noise isolation capabilities that 
optical isolators deliver. 


For more details on this subject read our white paper at 
www.avagoresponsecenter.com/672 
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OSCILLOSCOPE SETUP 


To give you an idea of how to use math 
functions, consider the integrated- 
MOSFET MAX5976 hot-swap device. 
It combines an internal MOSFET 
switching element with current-sens- 
ing and driver circuitry to form a com- 
plete power-switching circuit. The test 
method also applies to hot-swap control 
circuits built from discrete components. 
Connecting oscilloscope probes to the 


hot-swap circuit in Figure 1 gives the 


oscilloscope access to the signals you 
need for calculations. Voltage probes 
connect to the circuit’s input and out- 
put, providing the voltage drop across 
the MOSFET. A current probe offers 
the easiest way to sense load current 
through the device. 

_ The same basic connections apply 
for a nonintegrated hot-swap circuit. 
Connect the input and output voltage 
probes before and after the MOSFET. 
These probes are inside the MAX5976 
but outside the MAX5978. Place the 
current probe in series with the circuit’s 
current-sense resistor. To get an accurate 












(a) 
V INPUT- 
IN VOLTAGE 
PROBE 

-(b) 








| AT A GLANCE 


Digital oscilloscopes’ math chan- 
nels can help you analyze hot-swap 


| and load-switching circuits. . | 


The integrated- MOSFET 
MAX5976 hot-swap device com- 
bines an internal MOSFET switching 
element with current-sensing and 
driver circuitry to form a complete 


_ power-switching circuit. 


Select the oscilloscope probes | 
so that V,. is the difference between — 
Channel 2 and Channel 1 and 

measure the drain current with the 


current probe. 


A resistive load degrades the 
accuracy of these capacitance 
measurements by drawing current 

that isn’t stored in the capacitor. For 
short measurements, however, the 
results can still be useful. 


measure of current flowing through the 
switch element, place the current probe 
after the input bypass capacitor and 
before the output capacitor. The probe 


OUTPUT- 
VOLTAGE 
PROBE 





CURRENT as 
PROBE 2 


must measure the current that passes 
through the controller. Capacitors C,,,; 
and C, cannot be between the control- 
ler and the current probe. 


MOSFET POWER DISSIPATION 


Power dissipation in the switch ele- 
ment—typically, an N-channel 
MOSFET—is the product of V,, 
(drain-to-source voltage) and I, (drain 
current). Select the oscilloscope probes 
so that V,,, is the difference between 
Channel 2 and Channel 1 and meas- 
ure the drain current with the current 
probe. The oscilloscope in this exam- 
ple, a Tektronix DPO3034, has a math 
trace that you configure through an 
advanced-math menu. 

To measure the MOSFET’s power 
dissipation, simply enter an equation 
that subtracts Channel 1 from Channel 
2 and multiply the result by the cur- 
rent-probe signal. When the hot-swap 
circuit is enabled, its output voltage 
rises toward the input potential at a 
particular dV/dt slew rate. The load- 
capacitance charging current flows 


OUTPUT- y 
VOLTAGE. OUT 


cas 
CURRENT — 


PROBE = 


Figure 1 Connect voltage probes across a MOSFET to measure V,,, (a) and a current probe to measure I, (b). 
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‘Load Current 


a 


inrush current to 2A. 


through the MOSFET according to the 
following equation: I, =C.,,,x(dV/dt). 
Capturing this start-up event on the 
oscilloscope yields the waveforms in 
Figure 2, for which output capacitance 
is 360 pF and input voltage is 12V. The 
hot-swap device limits inrush current 
to 2A. Note that the power waveform 








The MOSFET power dissipation for the circuit of Figure 1 
(middle trace, red) for C,,,, is 8360 uF. The hot-swap device limits 


seer em @tiecaiti 





A CURRENT PROBE 
OFFERS THE EASIEST 
WAY TO SENSE LOAD 
CURRENT. 


is constant. 





is a decreasing ramp, starting at 24W 
(12Vx2A) and falling to OW as the out- 
put rises to 12 V, given a constant current 
charging the load capacitance, C,, ... 
The measurements tell you whether 
the MOSFET is within its safe operating 
area for voltage, current, and tempera- 
ture. You can estimate the MOSFET’s 
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Easy Screw - Lid 
removed to show detail. 


Significantly reduce your socket 
& labor costs with these multiple 
IC test and burn-in solutions. 
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Figure 4 integration of power dissipation yields the total energy 
deposited in the MOSFET. 
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rise in junction temperature by referring waveform during astart-up event, when Integration can show the total energy 
to relevant charts in the MOSFET’s _ neither the inrush current nor the dV/ deposited in the MOSFET during an 
data sheet. Calculating the power wave- dt is constant (Figure 3). C,,.. is 360 event. Figure 4 applies the integration 


OUT 
form directly from actual voltage and pF, and the inrush current is clamped function to the MOSFET’s power infor- 
current measurements eliminates the to 2A. mation. Because the power waveform 
error inherent in making an approxima- If your oscilloscope’s math functions has a triangular shape with a start-up of 


tion of power dissipation. What’s more, include integration, you can take the approximately 2 msec, you can expect 
you can accurately capture the power waveform calculation one step further. approximately 24W/2x2 msec=24 mJ of 
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New: R&S®VIS — 


the AV expert for 
manutacturing 


Sout | The new compact video tester from 
Rohde & Schwarz is ideal for measuring mobile 
high-definition link (MHL) interface conformity — 
including media content transmitted during the 


Capacitance 





is 2.00V 4 


Figure 6 Adding a 330-uF capacitor produces a measured out- 


put capacitance of 350 uF. 


YOU CAN USE AN OSCILLOSCOPE’S INTEGRA- 
TION FUNCTION TO MEASURE HOT-SWAP LOAD 


CAPACITANCE. 


energy, which converts to heat in the 
MOSFET. The math channel’s integral 
of power reaches almost exactly 24 m] of 
energy at the end of the start-up event. 

You can apply this technique to other 
transient conditions that affect the 
MOSFET, such as shutdown, short-cir- 
cuit, or overload events. Such detailed 
power-and-energy information lets you 
make precise calculations of pulse dura- 
tion and “single-pulse power” when 


checking the MOSFET’s safe operating 


area and thermal characteristics. 


MEASURE LOAD CAPACITANCE 


You can also use an oscilloscope’s inte- 
gration function to measure hot-swap 
load capacitance, provided that the 
resistive-load current is small during 
start-up. Capacitance is the amount 
of charge stored per volt applied to a 
capacitor, and charge is simply the time 
integral of current. So, by integrating 
the hot-swap inrush current and divid- 
ing by the output voltage, an oscillo- 
scope’s math function can accurately 
measure the total load capacitance. 
The hot-swap controller in Figure 5 
connects to three ceramic output capac- 
itors, each with a nominal value of 10 
uE The capacitance trace (red) is ini- 
tially meaningless because of the divide- 
by-zero problem that occurs before the 
output voltage rises. When the output 
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voltage exceeds OV, however, the math 
channel quickly converges to a meas- 
ured capacitance of approximately 27 
uE The scale is 10 pF/division. 

Figure 6 repeats the experiment of 
Figure 5, but with an additional alumi- 
num electrolytic capacitor of nominal 
value 330 pF added to the output. As 
the start-up event ends, the math trace 
shows a measured output capacitance of 
approximately 350 uF—almost exactly 
what you'd expect. The scale is 100 yF/ 
division. 

Remember that a resistive load 
degrades the accuracy of these capaci- 
tance measurements by drawing cur- 
rent that isn’t stored in the capacitor. 
For short measurements, however, the 
results can still be useful.con 
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CELEBRATING 


EXCELLENCE 
_IN ENGINEERING 


EDN AND EE TIIVIES HAVE 

| JOINED FORCES 
TO HOST THE FIRST ANNUAL 
UBM ELECTRONICS 

ACE AWARDS. 





















Patrick Mannion, Director of Content 


ag he Design Team of the Year 
§ Award goes to a group of innova- 


tors whose collaborative efforts 
made a significant contribution to the 
evolution of technology and whose 
-_project-management abilities are cre- 
ative, efficient, and inspiring. It’s a high 
bar, yet there were many worthy candi- 
dates in 2011. Still, one group stood out 


















Tile-architecture design team. | 
Emerging in 2005, the Tile archi- 
tecture comprises 16 to 100 identical 
cores, connecting through the use of 
a nonblocking switch and a 2-D on- 
chip mesh network, or tile. Each com- 
prises a complete processor and L1 and 
L2 cache with a Dynamic Distributed 
Cache architecture to accelerate coher- 
ent cache performance. 








DESIGN TEAM OF THE YEAR: TILERA’S TILE DESIGN TEAM 


checkerboard fashion with full-featured 
SOC functions, such as memory and I/O | 


sufficiently to take the top spot: Tilera’ . 





Tilera’s approach eliminates the bot- 


tlenecks and consequently the limited | 


scalability and performance of on-chip 
bus interconnects. The tiles are in a 


controllers around the perimeter of the 
chip, eliminating the need for a separate 
north- and south-bridge chip set. 


As with all new architectures, easy- 
—to-use tools and a familiar program- 


ming environment are critical. With 
those criteria in mind, Tilera’s team 
designed Tile with a standard ANSI C 


and C++ programming environment to 


allow developers to use their software _ 


investment as well as the vast body of 
available open-source code. Tiles can 
be grouped into clusters to apply the 
appropriate amount of computational 





horsepower to each application. 

Building Tile required just 42 engi- 
neers rather than hundreds, and those 
42 have since 2005 laid out 1.2 billion 
transistors, or approximately 66 mil- 
lion transistors per person—probably 


didn’t waver. In 1998, he took the ances in 
-RF-CMOS technology and t t the performance capabilities of 
CMOS oscillators. The next 14 years of work included six years o 
academic research as well years of commercial: “Aevelop 
ment efforts at the start- “up t ) 


. | eb to bey engineers todo something, tell themit ge 
can't be done—or that you think one of theirpeers [iia “experts considered the techno ogy | DI 
_ can gibe | | so there was little interest. Nevertheless, his 
In the case of the coe truism, McCorquodale | persistence enabled him to raise modest capi- 
picked a doozy, one that has occupied his entire 4 | tal, andhe finally realized his vision at Mobius. 
14-year academic and orofessional career. He * r ob purchased Mobius in January 2010; IDT — 
chose to focus on re placing mechanical quartz "| saw it as a natural fit for its vision of equipping 
| yn . every digital system with an interface employ- 
ing IDT silicon. The company is currently the 
leader in silicon-timing devices that translate 
and synchronize timing signals originating from _ 
quariz- or silicon-based frequency references. 
At IDT, McCorquodale continues to spear 


NV eCorquodale has 
taken on CMOS challenges 
for his entire 14-year career. 


oT ca. an. external device He manifold and 
sec They include lower st and the integration of on- ross ms 
quartz: devices achieve 30% or less. Diaihaneake expanding ae 
- _ served market, IDT is now in a position to finally merge its silicon- 
ming products with McCorquodale’ s CMOS oscillators to enable 
all-silicon timing. devices that require no external quartz crystals. 
Today, CMOS oscillators are replacing quartz devices in volumes 
in excess of tens of millions of L nits a month and achieve perform- 
nce levels no one ever believed possible. Without McCorquo- 
dale’s vision, his continuous innovation to realize that vision, 
vavering persistence, and leadership in the face of decades of 
| hinking to the es) hs oscillators would not exist Dae) 











Analog guru Jim Williams was the consummate contributor, for both his content 
anc the spirit in which he contributed it. 


CONTRIBUTOR OF THE YEAR: JIM WILLIAMS 


Margery Conner, Senior 7echnical Editor 


he category of Contributor of the Year is a new one for the ACE Awards, 

and its intent is to recognize the accomplishments of the people behind 

the extraordinary contributions to EDN and EE Times over the past 
year. Their work has broadened our understanding of the rapid advances in 
engineering and design and has inspired countless engineers to reach ever 
higher. With this goal in mind, we award the inaugural honor, posthumously, 
to Jim Williams, the consummate contributor, for both his content and the 
spirit in which he contributed it. 
Williams was a superb analog-circuit designer—one of the best. Behind 
his knowledge of analog-circuit behavior was his ability and desire to explain 
these circuits and to inspire others with the marvels that analog circuits could 
perform. For him, circuit design was an art form. Williams’ first article for EDN 
appeared in 1975, and his articles immediately became a source of information 
and inspiration for circuit-design engineers, continuing through 2011 with his 
last two articles appearing after his death in June. 

In a popular blog, “Reading Jim Williams,” Kent Lundberg pays tribute to 
the 62 application notes Williams wrote for Linear Technology (Reference 
1). Lundberg comments on Williams’ circuit-design decisions and includes 
his “remarkable quotes.” Most of us think of application notes as vendors’ 
commercials for their products. Williams, on the other hand, approached all 
of his writings, whether application notes or contributed articles, as teach- 
ing moments. He ended one of his app notes with a paraphrase of Einstein: 
“Everything should be as simple as possible, but not too simple.” 

As former EDN Technical Editor Paul Rako said of Williams’ writing 
(Reference 2), “[His] articles always stressed understanding. Jim did not con- 
descend and write down to us. He never tried to impress you with his math 
or his intellect. He didn’t make things complicated so you would think he 
was smart. He made things look simple. That [ability] is why he was brilliant. 
Anyone can learn a bunch of jargon and a few tricks and secrets and try to act 
smarter than you. Jim was the exact opposite. He took the trouble to describe 
the basic principles of what was going on. Then he showed you how to achieve 
the goals your designs needed to achieve.” 

For these reasons, Williams is the first winner of the Contributor of the Year 
Award, which we have renamed the “EE Times/EDN Jim Williams Memorial 
Contributor of the Year Award.” In this way, Williams will always symbolize 
what contributing to the engineering community is all about. 





Mi Lundberg, Kent, “Reading Jim Williams,” http://bit.ly/Z6YgGEE. 
tal Rako, Paul, “Analog guru Jim Williams dies after stroke,” EDN, June 13, 


2011, http://bit. lyisUbW. 
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ACE AWARDS 


LIFETIME ACHIEVEMENT: JAME 


Patrick Mannion 


y definition, the EE Times/EDN 

Lifetime Achievement Award 

goes to an individual or individu- 
als whose contributions over a career 
in electronics have had a demonstrable 
effect on technological, business, and cul- 
tural advancements. This year’s winners, 
James Truchard, PhD, and Jeff Kodosky, 
co-founders of National Instruments, 
epitomize the spirit of the award. 

Since founding NI in 1976 while 
working at the University of Texas— 
Austin, both Truchard and Kodosky 
have remained fully involved in the 
company, although from different 
vantage points. (A third co-found- 
er, William Nowlin, has since left.) 
Truchard took on the role of president 
and chief executive officer, and Kodosky 
remained as a hands-on presence, now 
serving as a mentor in the company’s 
global R&D organization. Still, both 
manage to infect everyone at NI with 
their own passion, humor, and love of 
technology and design enablement. 

As anyone who has ever attended 
the company’s annual NI Week cel- 
ebration can testify, the enthusiasm 
and affinity for the company and its 
products have no precedent in the 
technology arena—and for good rea- 
son. National Instruments in 1986 
launched LabView and its modular 
approach to hardware. The product has 
helped NI pioneer the development 
of virtual-instrumentation software 
and hardware that has revolutionized 
the way engineers, academicians, and 
novices design and develop meas- 
urement and automation applications. 
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Since 1976, NI has grown into a 
multinational organization with more 
than 6100 employees. Still, Truchard 
leads the company with the same entre- 
preneurial, innovative mindset that led 
to its inception 36 years ago and passes 
that approach along to the NI team, 
making NI one of the top 25 companies 
to work for, according to the Great Place 
to Work Institute. Worth magazine for 
three consecutive years named Truchard 
one of the nation’s 50 best chief execu- 
tive officers, emphasizing his focus on 
long-term growth and innovation. In 
the meantime, he still remains involved 
in many community organizations and is 
an active supporter of the NI academic 
program, which focuses on increasing 
students’ STEM (science/technology/ 
engineering/math) skills through hands- 
on, project-based learning. 

Engineers and scientists worldwide 
revere Kodosky as the father of LabView 


because he invented the graphical pro- 


fruchard (left) and Jeff Kodosky launched LabView’s modular approach. 


OTHER ACE AWARD WINNERS INCLUDE: 


Start-up of the Year: mCube 

Company of the Year: Qualcomm Inc 

Executive of the Year: Rich Beyer, Freescale Semiconductor 
Energy Technology Award: Maxim Integrated Products 


Most Engaged Community Member: Jonathan Chan 

Best Student Design/Design Challenge with Public Schools: Oak Canyon 
Junior High team from Lindon, UT (Pipe Dreams Christmas Tree); Ted 
Hansen, teacher; Wayne Rust, team mentor 

integrated Program of the Year: Avnet Express Drive for Innovation 
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gramming language that defines the 
software. Since the initial release of 
LabView in 1986, Kodosky has earned 
68 patents associated with the tech- 
nology. His expertise has helped guide 
LabView development and expan- 
sion to targets such as FPGAs, smart 
sensors, microcontrollers, and other 
embedded devices previously out of 
reach for many engineers. Kodosky’s 
ongoing work has helped NI hone 
this software into an award-winning 
industry-standard programming envi- 
ronment that has garnered more than 
100 national and international industry 
awards from major industry publica- 
tions, including EE Times, EDN, and 
Test & Measurement World. 

According to Truchard and Kodosky’s 
philosophy, LabView has been inspiring 
the next generation of students to pur- 
sue careers in engineering and science. 
Universities are adopting the software 


to help teach engineering disciplines, 


including mechatronics, robotics, and 
communications. For example, it powers 
the Lego Mindstorms NXT and Lego 
Education WeDo robotics kits. 

“Over the years, we’ve developed 
a world-class corporate culture and 
product portfolio that make National 
Instruments one of the world’s most 
progressive multinational companies,” 
says Iruchard. “Using the NI platform, 
engineers can design, prototype, and 
test smarter, more advanced products 
and technologies to solve our most 
pressing challenges.” 
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MENTOR OF THE YEAR: STEWART CHRIST IE 


Suzanne dies Managing Editor, ae 


. here’s Sa Sood chance you’ve seen Stewart Christie, product- Ss 
engineer for the intelligent-systems group at Intel, at a recent trade 
_ show. If you did see him, it’s likely he had a robot with him. Christie j is 

the first recipient of the Mentor of the Year Award, which made its premier at 
this year’s ACE Awards. ceremony, The award came about in recognition of - 2 

those engineers Ss and executives who take action to inspire and encourage Soar Christi ie, usir robots, finds mentoring fun. 
‘the STEM (science/technology/engineering/math) leadership of tomorrow. . _and rewardi ing t for both mentors and ees |. 

_ Christie learned that he had been named Mentor of the Year while he was  . 

attending Embedded World 2012, fittingly the | evening before Student Day, when 1000 high coheed final-\ -year srgines ine. _ 
legree students attend the show. Christie participated, just as he has in many next-generation STEM events—from elementary- 
school science fairs to hacker spaces to mentor/student- -networking events to design competitions, including this spring’s Cornell 
Cup, a college- -level embedded- -design competition. Intel and Tektronix sponsor the contest, which gives teams the opportunity to 
win as ‘much as $10,000. The semiconductor-industry veteran acts as a mentor and an advisor for that competition. 
_ Robotics, as they do in many next- -generation STEM efforts, play an important part in C ristie’s activities. “Robots are good 
-crowd- -pleasers for students,” he says. “The robots themselves are often developed by tudents and university-research projects. 
‘It’s S much easier to get students interested in something, make it fun, and then vee them realize ae on that they have to do math 
and engineering if they want to learn more about it.”  . 
_ Christie notes that mentoring is part of the Intel corporate culture. “I do it pecaice t's S a ae it’s peally rewarding, as well,” he 
‘says, adding that mentoring is a two-way street. If mentors listen, they can also learn something from their students. “Learning is 
a lifelong thing,” he explains. “I'd love to go back to university, but at least | can keep learning new things. Mentors and teachers 
are continually important. | think once I’ve learned everything, |’ll be fine and won't need a mentor .. _ &0 it’s going to be a while.” 
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No matter your application, accelerate with Agilent. — 


Whether it’s automotive ECU, military communications, base station 
power amplifiers or general purpose test, maximize manufacturing 
throughput and R&D productivity. With seven new high-power modules 
from 300 to 500 W, Agilent helps you execute a wide range of high-power 
setups with the performance to measure milliamps accurately, too. 







To view application videos 
scan OR code 


Get a FREE 8 GB USB drive loaded with 
power product resources” 
www.agilent.com/tind/N6/00USB 


| conditions apply. 
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ULTIMATE PRODUCTS 
Rich Pell, Executive Editor 


unko Yoshida, editor-in- chief of EE Times, describes the ACE Awards program 

as an opportunity to recognize “the technologies that have made a difference 

in way ve work live, and play. ” Nothing exemplifies this idea better than 
1 AC : Awards for Ultimate Products. 
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Transformers can be used for 
_ self-saturating or linear switching applica- 
tions. The Inductors are ideal for noise, 
spike and power filtering applications in 
Power Supplies, DC-DC Converters and 
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_» Transformers have input 
- voltages of 5V, 12V, 24V, and 
48. Output voltages to 500V 
+ All units can be supplied 
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secondary voltages at the 
- same power levels 
__ +» Transformers can be used for 
__ self-saturating or linear 
switching applications 
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~ ments of MIL-PRF-27(+130°C) 
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» Schematics and part list 
provided with transformers - 


__§§ Delivery-Stock to one week 
for sample quantities 
or send direct 
for FREE PICO Catalog 
Call toll free 800-431-1064 
in NY call 914-738-1400 
Fax 914-738-8225 
; ICO Electronics,inc. 
143 Sparks Ave. Peiham, N.Y. 10803-18889 
E Mail: info@picoelectronics.com 
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The rapid growth of wireless data and complexity of 3G and 4G chipsets drives new design 
and deployment challenges for radio and device manufacturers along with carriers. This 
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discernible until they’re obvious and perhaps irrelevant. Wireless may be an exception, 
at least in broad outline, for the evolution of wireless has been following a clear pattern | 
that tempts us to extrapolate. Marconi’s station-to-station spark telegraphy gave way toa _ 
second age dominated by station-to-people broadcasting, and then to today’s ubiquitous | 
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value as it enlarged the circle of interlocutors. Now, these three ages have covered all combinations of’ ir-licelacwme-lare, 

“people,’ so any Fourth Age will have to invite “things” into the mix to provide another stepwise jump in the number 
of interlocutors. This talk will describe how the inclusion of multiple billions of objects, coupled with a seemingly 
insatiable demand for ever-higher data rates, will stress an infrastructure built for the Third Age. Overcoming the 
challenges of the coming Fourth Age of Wireless to create the Internet of oa represents a huge opportunity 
for RF engineers. History is not done. 
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UNDERSTAND THE REALITIES OF SAFELY AND EFFECTIVELY DELIVERING 
HIGH POWER LEVELS THAT COMPLY WITH THE LATEST POE STANDARD. 


ihe power-over-Ethernet standard offers conve- 
nience, flexibility, and enhanced management 
capabilities by enabling power delivery over 
the same Category 5 cabling that delivers the 
data. The current generation of standards- 
based technology enables the delivery of as 
much as 60W of power over four pairs of cabling, which 
also offers better efficiency than that of earlier two-pair 
approaches. 

As the industry moves toward delivering even more 
power over the Category 5-or-better cabling infrastructure, 
system designers and network administrators must under- 
stand various emerging-technology options, including those 
developed under the auspices of the IEEE, and others that 
bring expensive and cumbersome deployment complications 
and, potentially, safety risks. For instance, some manufac- 
turers have touted 100W-per-port approaches that do not 
perform detection before power-on—a dangerous omission. 
Others offer 200W/port approaches that are even more 
dangerous unless they use a hard resettable fuse 
at every PSE (power-sourcing-equipment) unit 
or acertified electrician deploys the cables. The 
only safe approach for powering devices over 
Ethernet cabling is to follow IEEE802.3at-2009 
specifications. 

The HDBaseT Alliance is developing 1OOW 
power specifications for products that transport 
uncompressed, high-bandwidth multimedia 
content, 1OOBaseT Ethernet, power, and various 
control signals through a single LAN cable. Asa 
cross-industry organization to promote and stan- 
dardize whole-home high-definition-multime- 
dia-content distribution, the HDBaseT Alliance 
has created a “five-play” feature that converges 
uncompressed, full-HD digital video, audio, 
100BaseT Ethernet, IEEE802.3at-compliant 
power, and various control signals for transmis- 
sion over a Category 5 cable. 

Although independent manufacturers are 
pursuing approaches to higher power levels, 
the HDBaseT-powering approach offers other 
features, including compliance with Section 





NOTE: 
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33.7.1 of the IEEE802.3at-2009 standard, which mandates 
that all PSEs conform with International Electrotechnical 
Commission 60950-1:2001 specifications, including clas- 
sification as a limited power source carrying no more than 
100 VA, or 100W, per port without the need for special 
overcurrent-protection devices. The HDBaseT also performs 
powered-device detection and classification to determine a 
device’s power consumption before start-up. 

Other standards also come into play as the industry 
moves to higher power. For instance, HDBaseT-powered 
TV and audio equipment must comply with Underwriters 
Laboratories 60065, which requires the use of a fire enclo- 
sure for loads greater than 15W. Consequently, even if a TV 
load meets the less-than-100W/port limited-power-source 
requirement of IEC 60950-1:2011, it still requires a fire 
enclosure. 

~ Moving beyond the limited-power-source requirement to 
greater-than-100W/port implementations requires that the 
cables have a special flame-resistant conduit that attaches 


RJ-45 


POWERED 
DEVICE 


RJ-45 


CABLE LENGTH: ANY 


FIRE-METAL ENCLOSURE IS REQUIRED IF POWERED DEVICE’S TOTAL LOAD 
IS GREATER THAN 100W FOR IT EQUIPMENT OR GREATER THAN 15W FOR 
AUDIO/TV EQUIPMENT. 


Figure 1 This circuit features two ports, each carrying 100W. Power is cal- 
culated at the powered-device side, and limited-power-source requirements 
apply to each port. According to the National Electric Code, multiport mid- 
spans that power powered devices using this approach must carry a name- 
plate with ithe power rating for each port. 
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to the PSD and power-device inputs through metal boxes 
that are enclosed in brackets. This requirement applies to 
cables longer than 10 feet (3.05m). 

For cables shorter than 10 feet, designers can use the 
same four-pair POE/HDBaseT cabling system comprising a 
data cable and an RJ-45 connector. The cable must, how- 
ever, have features exceeding the requirements of typical 
Category 5/E cable (Figure 1). Some manufacturers try to 
circumvent the 100W ceiling and associated protection 
requirements by suggesting that the ceiling can apply to 
each of two PSEs running on two circuits within one cable. 
Using this logic, they believe that a compliant PSE can sup- 
port 95W and that a PSE pair can support roughly double 
that amount on the same cable. This idea is incorrect—and 
dangerous—however. 

The IEEE802.3at-2009 standard specifies that you measure 
the 100W limited-power-source power ceiling at the physical 
connector. Tables 2B and 2C of the UL CAN/CSA-C272.2 
60950-1-07 and UL 60950-1 documents clearly define restric- 
tions for power sources with and without overcurrent devices 
(tables 1 and 2). The existence of two PSEs on a circuit is 
irrelevant from a UL point of view because it is an inside-the- 
box power arrangement that ends at a single connector, which 
is the only output-power connector and must not exceed 100W. 

The only ways of implementing powering at 250W or 
250 VA are either to use a circuit breaker or a fuse at each 










Output voltage? (U,,..) 


Vac Vdc 






Output current”® (|,,) (A) 





port or to have a certified electrician install the cabling, 
which effectively negates the deployment benefits of POE 
technology. Figure 2 shows the proper configurations for 
delivering greater than 100W over all wires—for example, 
200W— in two single-port scenarios. 

Both scenarios require a metal enclosure if the total pow- 
ered device’s load is greater than 100W for information-data 
equipment or greater than 15W for TV and audio equip- 
ment. The scenario in Figure 2a requires a nonstandard 
cabling infrastructure to ensure safety. The approach cannot 
use RJ-45 connectors directly at PSE and powered-device 
inputs and requires a certified electrician for installation. 
The scenario in Figure 2b can use a typical POE/HDBaseT 
cabling system but also requires special cabling. In summary, 
the use of a standard Ethernet-cabling infrastructure for a 
single port delivering greater than 100W is simply unsafe 
under the National Electric Code standard. 


FOUR-PAIR DELIVERY 


HDBaseT achieves its high-powering capabilities and 
maintains full standards compliance by using the 
IEEE802.3at-2009 specification’s mechanism for delivering 
power over all four pairs. Four-pair powering enables greater 
power delivery with greater efficiency. It gives powered 
devices two power interfaces so that they can receive twice 
the power of two-pair approaches by using all four pairs of 








Apparent power“ (S) (VA) 





a U,,: Output voltage measured in accordance with 1.4.5 with all load circuits disconnected. Voltages are for substantially sinusoi- 
dal ac and ripple-free dc. For nonsinusoidal ac and dc with ripple greater than 10% of the peak, the peak voltage shail not exceed 
42.4V. 
b i,: Maximum output current with any noncapacitive load, including a short circuit. 
c S (VA): Maximum output VA with any noncapacitive load. 
d Measurement of |, and S are made 5 sec after application of the load if protection is by an electronic circuit or a positive-temper- 
ature-coefficient device, and GO sec in other cases. 
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aU... Output voltage measured in accordance with 1.4.5 with all load circuits disconnected. Voltages are for substantially sinusoi- 


oc" 


dal ac and ripple-free dc. For nonsinusoidal ac and dc with ripple greater than 10% of the peak, the peak voltage shall not exceed 


A2.4V. 


b |: Maximum output current with any noncapacitive load, including a short circuit, measured 60 sec after application of the load. 
c S (VA): Maximum output VA with any noncapacitive load measured 60 sec after application of the load. 

d Current-limiting impedances remain in the circuit during measurement, but overcurrent-protective devices are bypassed. Note: 
The reason for making measurements with overcurrent-protective devices bypassed is to determine the amount of energy that is 
available to cause possible overheating during the operating time of the overcurrent-protective devices. 

e The current ratings of overcurrent-protective devices are based on fuses and circuit breakers that break the circuit within 120 sec 
with a current equal to 210% of the current rating specified in the table. 
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60V Buck-Boost Controller Drives High Power LEDs, Charges 
Batteries and Regulates Voltage with Up to 98.5% Efficiency at 


~ ]OOW and Higher — Design Note 501 


Keith Szolusha 


Introduction 
The LT®3791 is a 4-switch synchronous buck-boost 


| = DC/DC converter that regulates both constant-current 


and constant-voltage at up to 98.5% efficiency with a 
single inductor. It can deliver hundreds of watts and 
features a 60V input and output rating, making it ideal 
for driving high power LED strings and charging high 
voltage batteries when both step-up and step-down 
conversion is needed. It can also be used as aconstant- 
voltage buck-boost regulator with current limiting and 


co monitoring for both input and output. 


Buck-Boost Controller Drives 100W LED String for 
Airplane and Truck Lights 


Airplanes and big trucks with 24V batteries need pow- 
erful, efficient and robust headlights and spotlights. 
Figure 1 shows a33.3V, 3A (nine Luminus SSR-90 LEDs) 


VIN 
15V TO 58V 


113791 


SHORTLED 
eee ae 


OPENLED 
PWM DIM 


D1: BAT46WJ 


buck-boost LED driver that runs from 15V to 58V input 
with up to 98.5% efficiency. 


The 4-switch synchronous topology drives high power 
LEDs with minimal switch power loss (and minimal 
temperature rise). Unlike other topologies, the LT3/91 
buck-boost can be shorted from LED+to both LED—and 
GND and, as a feature, can be programmed to latch off 
or keep trying to turn back on if the short is removed. 
Diagnostic output flags report both short-circuit and 
open-LED conditions. 


The solution in Figure 1 features up to 100:1 PWM dim- 
ming at 100Hzfor accurate brightness adjustment with- 
out color shift and analog LED dimming when a PWM 
oscillator is not present. 


7 AT LIC, LTM, Linear Technology and the Linear logo are registered trademarks 
of Linear Technology Corporation. All other trademarks are the property of their 
respective owners. 
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Figure 1. 15-58Vjy to 33.3V 3A LED Driver with Up to 98.5% Efficiency 
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36V, 2.5A SLA Battery Charger 


The buck-boost converter shown in Figure 3 charges a 
36V 12Ah SLA battery at 44V with 2.5A DC from a 9V to 
58V input. 


Specially integrated C/10 current sensing and battery 
voltage detection drops the battery voltage from its 
charging voltage (44V) to its float voltage (41V) when 
the battery is near full charge. The OPENLED flag is used 
to change the state of the charger from charge to float. 
When the battery voltage drops far enough, voltage feed- 
back returns the charger to its charge state. 


The LT3791 can be tailored to charge a range of bat- 
tery chemistries and capacities from a variety of input 
sources regardless of the voltage relationship between 
them. An external microcontroller can be programmed 
and used to create a maximum power point tracking de- 
vice to charge the battery froma solar panel. The output 
diagnostics and dimming input pins make this a simple 
interface for high power solar panel applications design. 


120W, 6V to 55V Voltage Regulator 


The LT3791 can also be used in high power constant- 
voltage buck-boost applications. The FB pin doubles 
as both the main voltage feedback for the buck-boost, 
and the overvoltage protection detection and regulation 
when used as an LED driver. 
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Figure 1 can be easily turned into a 100W voltage regu- 
lator with Voyr between 6V and 55V by placing a 100k 
resistor betweenthe SS and Veer pins to defeat soft-start 
reset during a fault. 


The voltage regulator is short-circuit proof. The 
SHORTLED flag reports when there is a short circuit on 
the output. The input current monitor can still be used in 
constant-voltage regulation to protect any system that 
is input-current limited. Rep sets the output current 
limit for short circuit, but can be removed to provide 
a PGOOD flag using OPENLED by shorting ISP to ISN. 


Conclusion 


The LT3791 synchronous buck-boost controller deliv- 
ers 100W and higher power at up to 98.5% efficiency to 
anumber of different loads. The wide, 4.7V to 60V input 
and OV to 60V output voltage range make it both power- 
ful and versatile, and its short-circuit capability makes 
this a robust choice for many applications in potentially 
hazardous environments. This seemingly limitless IC 
can be used in applications where atypical buck or boost 
converter cannot because of the crossover of input and 
output voltage ranges. 
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Figure 3. 36V, 2.5A SLA Battery Charger with C/10 Charge Termination 
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METAL BOX 


POWER: MORE THAN 100W CONDUIT 


CABLE LENGTH: LONGER THAN 3.05m 





POWER: MORE THAN 100W A 


CABLE LENGTH: SHORTER THAN 3.05m 


SPECIAL CABLE MUST BE SPECIFIED 
(CANNOT USE STANDARD CATEGORY 5 CABLE). 





(b) 


Figure 2 These circuit implementations power 250W over cable 
than 3.05m (a) and less than 3.05m (b). 


Ethernet cable (Figure 3). Nothing precludes the connec- 
tion of the two power interfaces—one over the two pairs 
using lines 1, 2, 3, and 6 and the other using the two pairs 
that use lines 4, 5, 7, and 8. This arrangement makes it pos- 
sible to increase power delivery and fully comply with the 
standard. In a typical HDBaseT implementation, a 50 to 


SWITCH/HUB 
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ee 


lengths greater 


FOUR PAIRS: 1-GBYTE MIDSPAN 


57V-de power supply installs and powers the 
PSE, and all powered devices receive power 
directly over the HDBaseT link across all 
four pairs of Category 5-or-better cables. 

With HDBaseT, core POE technology 
uses a 1A current for every two cabling pairs 
and uses three-event classification to iden- 
tify compliant PSEs. This approach enables 
HDBaseT technology to transfer as much as 
LOOW of continuous dc power per port from 
one side of the HDBaseT link to the other. 
The HDBaseT powering standard takes a 
step beyond the IEEE802.3at-2009 standard 
by enabling the powered device to identify 
the cable’s length and resistance and draw 
more power when necessary, as long as the 
overall power consumption does not exceed 
LOOW, rather than always assuming a worst- 
case cabling infrastructure. HDBaseT’s abil- 
ity to deliver as much as 100W of power 
over 100m using one LAN cable without 
any additional power source aligns with 
trends in energy usage and demand, as well 
as government-led efficiency improvements. 
The power level is more than adequate for 
supporting today’s typical 40-in. LED TV, 
which requires 70W of power. 

This year, the latest Energy Star 5.3 
specifications from the US Environmental 
Protection Agency will restrict all TVs to 108W of power 
consumption, regardless of screen size, whereas Energy Star 
6.0 is targeting a cap of 85W for all screen sizes. Table 3 
shows proposed Version 6.0 power specifications, which 
should become effective this summer (Reference 1). Both 
LCD- and LED-TV monitors should soon be averaging 


POWERED 
DEVICE 


FOUR PAIRS: 1-GBYTE 
POWERED DEVICE 





Figure 3 HDBaseT gives powered devices two power interfaces so that they can receive twice the power of two-pair approaches by 


using all four pairs of Ethernet cable. 
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PSE source 





approximately 1 W of power consumption per inch of screen 
size. At these levels, the HDBaseT powering specifications 
can support even large displays. 

Although today’s Ethernet switches can and often do 
embed POE technology, another power-efficient way to 
deploy POE is through midspans, which reside between a 
non-POE switch and a network’s powered devices. Midspans 
also are the most likely deployment model for HDBaseT 
because adding 100W per port in an Ethernet/HDBaseT 
switch would be a daunting engineering task and would 
greatly reduce overall system reliability. Midspans also 
feature remote power-device monitoring and configuration, 
which significantly reduces power consumption. Network 


ETHERNET SWITCHES OFTEN 
EMBED POE TECHNOLOGY, BUT 
ANOTHER POWER-EFFICIENT WAY 
TO DEPLOY POE IS THROUGH MID- 
SPANS, WHICH RESIDE BETWEEN 

A NON-POE SWITCH AND A NET- 
WORK’S POWERED DEVICES. 


administrators can monitor per-port and total power con- 
sumption and can configure power devices for instant and 
scheduled port on/off functions, as well as uninterruptible- 
power-supply-status-port on/off functions. 

POE technology also can improve energy efficiency by 
minimizing the effects of idle power consumption. Many 
POE midspans and switches use switching power supplies, 
which are 90%-efficient at full load, meaning that they con- 
sume as much as 220W of ac power for 200W of POE power 
or as much as 440W for 400W of POE power. Unfortunately, 
switching power supplies when idle have switching-power 
losses of 20 to 40W with OW load for 200W-rated units 
and 40 to 80W with OW load for 400W-rated units. You 
can address this issue by exploiting POE’s distributed-power 
architecture. For instance, network administrators can start 
with a 450W internal power supply to handle all real-time 
requirements and upgrade to full per-port power with an 
external 450W to 1-kW power supply when necessary. 
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One other key area of POE innova- 
tion is reach extension. Four-pair pow- 
ering has enabled powered devices to 
work with cables as long as 100m, as the 
HDBaseT standard specifies. Today’s 
POE midspans measure the cable length 
and correctly allocate power to a pow- 
ered device when the cable length and 
the device’s maximum power require- 
ments are both known. This approach 
ensures that a powered device that con- 
nects across 100m and requires more 
than 22.8W will not unexpectedly 
disconnect when it reaches maximum 
load. 

Network administrators can use 
extender technology to deliver both data and power to 
network devices, such as WLAN access points and network 
cameras, at baseline distances of 200m—that is, twice the 
distance of IEEE specifications. Extender devices simply 
connect to a midspan and receive power through the POE 
input. Table 4 shows the resulting baseline distance exten- 
sions. You can also cascade extenders to reach even longer 
distances. 

POE continues to evolve and offer a wider variety of 
high-value power-delivery and -management capabilities. 
As the technology moves beyond 60W to a new genera- 
tion of higher-power capabilities, it is critical for design- 
ers to maintain compliance with all [IEEE802.3at-2009 
specifications, including those that ensure safe powering. 
The HDBaseT Alliance has adapted IEEE802.3at-2009 
technology to a 100W technology that fully supports all 
safe-powering requirements and offers the opportunity to 
merge uncompressed full-HD digital video, audio, 1OOBaseT 
Ethernet, standards-compliant power delivery, and various 
control signals onto a single 100m Category 5e/6 cable.25n 
REFERENCE 
Wi Energy Star Television Specification, htte://1.usa. 
gov/9nVSb. 
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ONCE YOU UNDERSTAND THE TWO PRIMARY NOISE SOURCES, YOU CAN MINIMIZE THEM. 


c/dce-switching power converters are notorious 
for physically disrupting otherwise carefully 
designed systems and circuit schematics. These 
converters drive unwanted charge onto electri- 
cal ground, causing false digital signals, flip-flop 
_ double clocking, electromagnetic interference, 
analog-voltage errors, and potentially harmful high voltages. 
As the complexity of these designs increases and applica- 
tions become more densely populated, the physical-circuit 
implementation begins to play a critical role in the electrical 
integrity of the system. To address these issues, you need to 
learn how to reduce two major sources of ground noise. 





GROUND NOISE: PROBLEM NUMBER 1 


Figure 1 shows an ideal buck converter with a constant load 
current. Switches S, and S, toggle back and forth, chop- 
ping the input voltage across the buck inductance and the 
buck capacitance. Neither inductor current nor capacitor 
voltage can change instantaneously, and the load current 
is constant. All switching voltages and currents should 
successfully span buck inductance or pass through the buck 
capacitance, respectively, because an ideal buck converter 
produces no ground noise. But experienced designers know 
that a buck converter is a notorious noise source. This fact 
means that the circuit in Figure 1 is missing some important 
physical elements. 

Whenever charge moves, a magnetic field develops. 


S; T=S,+S, Leuck = Vout =VinS/T 






_ 
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Figure 7 In a buck-converter circuit, inductor current cannot 
change instantaneously, so identifying a source of ground 
bounce in an ideal buck converter is difficult. 


[www.edn.com] 


Current in a wire, a resistor, a transistor, a superconductor, or 
a Capacitor’s plate-to-plate displacement creates a magnetic 
field. Magnetic flux is a magnetic field passing through a 
current-loop area and equals the product of the field cutting 
the loop surface at a right angle: @,=BxA, where @, is the 
magnetic flux, B is the magnetic field, and A is the current-. 
loop area. The magnetic field at a distance encircling a 
wire is directly proportional to the wire’s electrical current, 
B= I/2m1, where r is the magnetic field at a distance. 
Electrical components have length, and charge must 
flow from one device to the next in the various wire seg- 
ments. Moving charge creates a magnetic field, however, 


S, T=S,+S, Leuck Vout 
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Figure 2 Changing flux induces voitage (a). As a buck switches, 
the changing current-loop path causes a changing flux and in- 
auces ground bounce (b). 
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Figure 3 Changing current in L,, induces ground bounce, whereas constant current in L,, 
does not. 
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Figure 4 Careful input-capacitor placement minimizes the changing loop area and routes the 


changing current away from ground return to eliminate ground bounce. 
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Figure 5 Changing LX-node voltage pumps charge through the parasitic buck-inductor 
capacitance, C,, and into the parasitic ground-path inductors, L,, and L,, causing ground 
noise. 
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so you can improve the circuit in 
Figure 1. Figure 2 shows a better 
model of a simple buck convert- 
er. In Figure 2, the wire remains 
ideal in every way, except that 
current must flow some distance 
in each segment while traveling 
from one electrical component 
to the next. As this charge flows, 
magnetic field wraps around the 
energized wires and is magnetic 
flux passing through the S, and 
S, switch loops. 

Changing S, and S, current- 
loop areas is the first major source 
of switching-converter ground 
noise. Magnetic flux in the 
input-voltage-to-S,-to-ground 
loop grows and collapses on every 
switch cycle. That changing flux 
induces voltage everywhere in 
that loop, including the ideal 
ground-return line. No amount 
of copper, not even a supercon- 
ductor, can eliminate this induced 
voltage. Only a reduction in the 
changing magnetic flux will help. 

Changing magnetic flux has 
three factors: rate of change, mag- 
netic-field strength, and loop area. 
Because the clock frequency and 
the maximum output current may 
be design requirements, minimiz- 
ing loop area becomes the best 
approach. Inductance is propot- 
tional to magnetic flux. 

Figure 3 shows an electri- 
cal model for Figure 2 in which 
changing current in parasitic 
inductor L,, causes eround noise, 
whereas constant current in para- 
sitic L,, does not. Although Figure 
3 presents the problem in a famil- 
iar way, it makes a poor substitute 
for the physically enhanced model 
in Figure 2. Figure 3 shows para- 
sitically induced voltage across L,, 
and L,,, whereas the arrangement 
induces voltage everywhere in a 
loop enclosing changing magnetic 
flux. This circuit element, how- 
ever, still serves the purpose of 
showing how to reduce induced 
ground noise. 

In Figure 3, ground-return 
current flows and changes in L,,, 
and it causes a voltage-bounce 
problem. A carefully placed input 
capacitor reduces the parasitic 
magnetic-flux area and routes 
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Figure 6 Two series-connected inductors have the same inductance but with one-quarter the parasitic capacitance; charge-pump- 


ing and, therefore, ground bounce decrease. 


changing buck current in a path that does not include ground 
return (Figure 4). In this case, current in parasitic induc- 
tors L,, and L,, is constant, so the ground voltage is stable. 
The reduction in this magnetic-flux area also proportionally 
reduces EMI and all other unwanted, induced loop voltages. 

The first important source of switching-converter ground 
noise is a result of changing magnetic-flux area. Good PCB 
design uses both trace routing and careful bypass-capacitor 
placement to minimize changing current-loop areas and 
changing current in a ground-return path. 


GROUND NOISE: PROBLEM NUMBER 2 


The second major ground-noise problem results from par- 
asitic inductor capacitance (Figure 5). Voltage cannot 
instantaneously change across a capacitor, and current 
cannot instantaneously change through an inductor. So, 
voltage changes on the LX node couple directly across both 
the parasitic buck-inductor capacitance, C,, and the buck- 
filter capacitor, C,,,.,, to appear across parasitic ground 
inductors L,, and Ee 

No charge initially flows, but, in the next moment, cur- 
rent builds in all of these components until the energy in the 
parasitic buck-inductor capacitor, E.,=%C, V,,2, transfers to 
the wiring’s parasitic magnetic field, E, =”“L,I.,, iGpaeeeaas 
where L, is the sum of all parasitic loop inductors. That 
unwanted energy then passes back and forth from the electric 
to the magnetic field until it radiates or dissipates in resistive 
elements. 

Both the peak voltage and the duration of a ground- 


noise oscillation are problems. The peak voltage, measured 


at node V_,,, is a function of the LX node’s voltage change, 
the parasitic buck-inductor capacitance, and additional 
parasitic trace capacitance. A large parasitic buck-inductor 
capacitance stores more energy, so using a smaller one 
is a better approach. After selecting the buck inductor’s 
inductance and current rating, choose an inductor with 
the highest self-resonating frequency to limit the capacity 
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of C,. An inductor’s self-resonating frequency is expressed 
as 1/[2mV(L.,..C, )]. Doubling the self-resonating frequency 
reduces the parasitic inductor capacitance and, therefore, 
the ground-noise energy, by a factor of four. - 

When performance takes priority over cost, maintain 
the same value of inductance by replacing the single buck 
inductor in Figure 5 with two series-connected inductors, 
each having half the value of the buck inductor (Figure 6). 
For a manufacturer’s series of inductors, the parasitic capaci- 
tance is typically proportional to the rated inductance, so 
one-half the inductance results in one-half the parasitic 
capacitance. With series-connected inductors, their values 
add to increase inductance, but parasitic capacitors add as 
the inverse sum of inverse values to decrease total para- 
sitic capacitance. In two series-connected one-half-buck- 
inductance inductors, total inductance will be Peg ene 
total parasitic capacitance will drop by a factor of four to 
one-quarter of buck-inductor capacitance. This reduction in 
parasitic inductance in turn reduces ground bounce. 

By exploring the models and understanding the two 
sources and mechanisms of ground noise that the ubiquitous 
dc/de-switching converter induces, engineers can minimize 
the effects in the early stages of design, component selec- 
tion, and layout and can reduce the number of subsequent 
production headaches and re-spins.€ ON 
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simple circuit lets you 


characterize JFETs 


John Fattaruso, Dallas, TX 





designers may need to accommo- 
date a large variation in device parameters 


equation is usually used as an approximate 
model for the drain-current characteristic 
voltage, B is the transconductance param- 


With this approximation, the following 


equation yields the zero-bias drain current _ 


a eer ea 
at a gate-to-source voltage of OV: Licc=BV>s 
where I... is the zero-bias drain current. — 

Figure 1 is a plot of this characteristic 


lists a pinch-off voltage of —2.5 to —6V, | | 
_ JFET DUT (device under test) may be of | 
either polarity, as selected by switch S.. | 


and the zero-bias drain current can range 


from 5 to 15 mA. You can observe the | 


6 5 -4 3 


When working with discrete FETs, correlation between these two param- 
| eters across a sample of devices. The 
- outer curves in the plot represent these 


for a given transistor type. A square-law | 


extreme cases, and the center curve rep- 


_ resents perhaps a typical case of a pinch- 
_ off voltage of -4V and a zero-bias drain 
of the JFET: I.=B(V..-V,)’, where I... is | 


the drain current, V.,.. is the gate-to-source _ 


current of 8 mA. 
Although you can design around a 


_ certain amount of device variation for 
eter, and V,, is the gate pinch-off voltage. 


a mass-produced circuit, you sometimes 


_ need a tool to quickly characterize an | 
_ An external voltmeter connects to the 
_ allows you to select a device that will | 
optimize one circuit or perhaps to find | 
a pair of devices with parameters that — 
for N-channel JFETs showing the varia- 
tion possible in a collection of devices. | 


For example, the 2N4416A’s data sheet _ 


assortment of discrete devices. This tool 


match reasonably well. 


a rea er A Ae Aeterna antares cenit aets ton ansicttsnionsisieniotvon onion Seo touring 


15 
- 10 
DRAIN 
CURRENT 
(mA) 
5 
0 





e = 0 


GATE-TO-SOURCE VOLTAGE (V) 
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| Figure 1 N-channel JFETs’ a versus ee can vary widely among devices. | 
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READERS SOLVE DESIGN PROBLEMS 


ase power supplies 


terminals on the right. Switch S, selects 
two distinct measurement modes—one 


_ for the pinch-off voltage and another for 
_ the zero-bias drain current. In the pinch- 
Figure 2 shows a simple test circuit for 
_ this purpose. Although the figure shows _ 
_ the JFET as an N-channel device, the | 


_ zero-bias-drain-current mode, the meas- 


off-voltage mode, the external voltmeter 


| directly reads the pinch-off voltage; in the 


ured voltage is the zero-bias drain current 
across an apparent resistance of 100Q. 

With S, in the pinch-off-voltage 
mode, R, allows a few microamps of 
drain current to flow in the JFET 
under test, and the source voltage is 
a close approximation of the nega- 
tive of the pinch-off voltage. The 
op amp acts as a unity-gain buffer, 
with negative feedback through R,, 
so you can directly read the nega- 
tive of the pinch-off voltage with 
the external voltmeter. 

In the zero-bias-drain-current 
mode, however, the resistance 
from JFET source to ground is only 
10Q, so the drain current is a close 
approximation of the zero-bias 
drain current. The op amp’s feed- 
back also switches to a gain-of-10 
configuration, with the inclusion of 
R, and R, in the feedback-voltage 
divider. This gain allows the volt- 
meter to easily read the small volt- 
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C, 
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N CHANNEL 


P CHANNEL 





_ 
TO 
R, VOLTM ETER 


10k | 2 


O -12V if 
Rs 
100 
me logs X 1002 - 
So 


| Figure 2 Selecting between the DUT’s source resistors, R, and R,, allows you to measure the pinch-off voltage and zero-bias 


_ drain current. 


age across R,, with the resulting reading _ wire the test JFET to this circuit with — 1.1-kQ resistor. You are more likely to 


being the zero-bias drain current times — 
100Q. For example, if the voltmeter | 
reads 1V, this voltage corresponds to a — 


zero-bias drain current of 10 mA. 


For an N-channel device, both | 
voltage readings are positive; for a _ 
P-channel device, the circuit functions | 
in the same manner except that the | 
voltage readings are negative. If you © 


test leads and clips, each with some par- | 
asitic series inductance, you may need | 
to add C, to suppress any tendency for | 
_ high-frequency oscillation. R, isolates | 
the op-amp feedback loop from any | 
parasitic capacitance in the voltmeter | 
and its leads, preserving the loop stabil- 
_ illustrates and select devices to optimize 


ity. R, protects against accidental shorts, 


and you can replace R ; and R, with one | 


Use a transistor and an ammeter 
to measure inductance 


Raju Baddi, Tata Institute of Fundamental Research, Pune, India 


Bipolar junction transistors trans- 
fer a current from a lower-resis- 
tance emitter to a higher-resistance col- 
lector. You can use this property to meas- 





ure inductance by connecting a series — 
_ the decay process in the LR circuit. 


inductance/resistance circuit in the emit- 


ter and biasing on the transistor long | 
~ shows that if, during the off time, the LR 


enough for the current to reach a maxi- 


mum value that is at least five LR time | 
constants. When the transistor’s off time — 
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~ is equal to its on time but is still biased by 
a silicon diode, the LR current decays | 
_ exponentially toward OA. Using the tran- | 
sistor’s Current-source property, you can — 
_ approximately 46 Hz, 230 Hz, 2.3 kHz, 
and 23 kHz, depending on the posi- 
_ tion of the range-selector switch. These 
_ values correspond to a full-scale induc- 
- tance-measurement range as high as 


~ 2.5H, 500 mH, 50 mH, and 5 mH. This 


low value, say 5% or less, then, for the on | 


measure this current without hindering 
The transient analysis of an LR circuit 


circuit’s current reduces to a sufficiently 


have on hand resistors with the values 
in the figure, however. 

By clipping in samples from a collec- 
tion of JFETs and throwing a switch, you 
can very quickly find the two parameters 
that determine where each JFET’s char- 
acteristic falls in the range that Figure 1 


circuit performance. EDN 


_ time plus the off time, the average current 
_ is directly proportional to the value of the 
_ inductance. You can control the currents 
— through the transistor and an LR network 
_ using timed switching circuitry. 


In an inductance-measuring cir- 


| cuit (Figure 1), the NE555 connects 


as an astable multivibrator oscillator 


_ to produce a square wave of approxi- 


mately 50% duty cycle at frequencies of 
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CD4066 switches alternately througha 
pair of CD4011 NAND inverters such | | 
and S, are | 
are off, and, dur- 
ing the off time, S, and S, are open | 


that, during the on time, S 
closed when S, and $ 


2 
4 


when S, and S , are on. 


At the start of the on time, S, and S, | | 
are closed, biasing Q, on from the 5.5V 
power rail, and the diode and meter __ 
disconnect through S, and S,. After the _ 
current in the inductor under test, L,, 
has exponentially reached maximum 
as the resistance determines, the off- | | 
time half of the cycle begins. S, and S, | | 
open to remove the 5.5V bias, and S, 
and S, close to insert the meter in the _ 
collector-current path and placeasmall | 
diode-drop bias voltage on the Q, base. 

Normally, the diode’s bias voltage 


is a bit too low to keep Q, on. As L 


damping of the meter pointer. In this 
simple circuit, the meter deflection is - 
directly proportional to inductance. | 
With the values in the figure, the | 
meter indicates approximately full- | 
scale 100 pA when measuring a 5-mH | 


maintains the initial current, however, | 
it drives the emitter negative to tem- | | 
porarily keep Q, on during the cur- 
rent decay. Most of the exponentially | 
decaying LR current flows through the 
collector to the meter, and a small por- 
tion flows through the base and the bias 
rent gain. The meter responds to the | _ Figure 1 In this inductance-measuring circuit, the NESSS connects as an astable 

current average over the entire on- and | | multivibrator oscillator to produce a square wave of approximately 50% duty cycle 
off-time cycle due to the mechanical | | at frequencies of approximately 46 Hz, 230 Hz, 2.3 KHz, and 23 kHz, depending on | 
_. the position of the range-selector switch. 1 


5.5V 


1 pF 2.5H 


200 nF 500 mH 


1N4148 20 nF _50mH 


2 nF 


O 
5 mH 


inductor on the 5-mH range selection. 
At the end of the off-time, the cur- 








0 TO 100 pA 


Ya 
CD4066 
V4 
CD4011 


| com/120405dia, shows the current 
_ waveform and additional details, such as 
rent through the inductance is almost | 
OA. An online appendix, at www.edn. | 


accounting for high inductor resistance 
and meter-scale factor.eDN 





Use a three-phase rectifier and voltage reducer 
for offline single-phase power supplies 


JB Castro-Miguens, Cesinel, Madrid, Spain; C Castro-Miguens, University of Vigo, Spain; 
M Perez Suarez, University of Vigo, Spain; and A Abal Pena, Tekplus, Vigo, Spain 





_ dc/de converter from a three-phase 
source and possibly to deal with line-to- 
line voltages of 200 or 400V rms. 


source may be unavailable for connec- 
tion, forcing you to use a line-to-line 
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Some industrial applications © 
require you to feed a low-power | 
— tions require the power supply to keep 
_ working despite this problem. To handle | 
_ these problems, you can use an uncon- © 
Further, the neutral terminal of the ac — 
vert three-phase ac into a dc voltage, 
_ but this voltage may be higher than the 
voltage link, which means a higher 


input voltage. Voltage faults can happen 
in one or two phases, and some applica- 


trolled rectifier and a capacitor to con- 


maximum input voltage that a standard © 


_ converter supports. It is difficult to find 
a dc/dc converter for these voltages, 


| which are typically 564V dc or higher. 


You can use the circuit in Figure 
1 to obtain a dc voltage lower than a 


~ given value, which the ratio of R, toR 

_ sets. This value is approximately 340V 
_ peak with the values in the figure, from 
~ a 400V-rms or higher line-to-line three- 
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D, 
1N4007 


D, 
1N4007 





4 
1N4007 


phase voltage. You can feed this value | 


| the value aaa ’s V=V-V 


from two or three phases with or without _ 


the neutral wire or from just one phase 
with the neutral wire. This circuit omits 
two diodes from the typical three-phase 
rectifier bridge and includes a neutral- 
wire diode pair to obtain voltages below 
340V across bulk capacitor C, and to 
reach OV for initial start-up (Figure 2). 
If you connect the neutral wire, you must 
link it to a two-diode arm of the rectifier 
to achieve a OV start-up; however, you 
can randomly connect the phase wires. 
Shunt regulator IC, acts as a com- 


1 
parator. After the initial start-up, when- 


age, V,, is higher than 340V, the IC, 
reference-to-anode voltage is higher 
than its internal reference of 2.495V, 
decreasing the anode-to-cathode volt- 
age to approximately 2V and turning 
off Q,. When rectified voltage is lower 
than 340V, IC, does not sink current. 
Thus, Q, turns on through the R, bias, 
connecting bulk capacitor C, and the 
dc/dc-converter load to the rectifier. 
At turn-on, if C, is completely dis- 


charged and the instantaneous rectified _ 


ac-line voltage is greater than approxi- 
mately 50V, MOSFET Q, is on, keep- 


ing insulated-gate bipolar transistor Q, 


off; no charging current flows into the — 
capacitor. If the instantaneous rectified _ 
voltage is lower than the voltage across _ 


the bulk capacitor plus 50V, Q, is off | 


and Q, turns on, connecting the capaci- 
tor and the load to the rectifier. 
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“Figure 1 A three- -phase rectifier u uses a a switched IGBT and a capacitor to reduce the voltage to standard offline de/de converters. 


Notice that, especially at turn-on, 


LOAD T1Ses 


_ to large values when Q paris off, so R, 
_ must be as large as possible and ae 
_ handle approximately 0.5W of power. 
_ Increasing the value of R, means that 
_ you must increase the value of R,, more 
_ slowly turning off Q, and possibly result- 
_ ing in a start-up malfunction. You must 
_ reach a practical compromise for the 
_ values of R,, R,, and D,. Considering 
_ that D, limits the maximum gate volt- 
_ age at Q,, it must have a zener voltage 
_ as close as possible to the threshold volt- — 
_ age for a faster turn-off through R,. A | 
ever the instantaneous rectified volt? 


600 

500 

400 

VOLTAGE 300 
(V) 

200: -— 

100 


0 0.01 0.02 


and includes a neutrai-w 














| BS170 is a good choice for Q,. You can 
_ add a snubber network comprising R, 
_ and C, across the collector-emitter of 


S 


_Q, to limit the generated noise. 


With the actual load voltage at 340V, 


_IC,’s reference voltage is approximate- 
ly 0.5V higher than its cathode, and 
_ the input transistor begins to conduct 
_ through the base-collector junction. 
- You must measure this cathode voltage 
at 45 pA at 0.5V, and you must account 
_ for this value if calculating new values 
_ for R, and R,. The simulation in Figure 


1 


2 does not account for this input leak- 


| age and appears to switch at 310V.20N 


0.05 


0.04 


0.03 0.06 


TIME (SEC) 


Figure 2 This c circuit it omits two diodes from the typical three- -phase rectifier bridge _ 
wire diode pair to obtain voltages below 340V across bulk 
| capacitor C, and to feach aM for initial start- “up. 
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Originally published in the March 5, 1979, issue of EDN 


Lamps monitor beat frequency 


Gerald L Assard, Naval Underwater Systems, New London, CT 





a zero beat by monitoring two lamps. | 
With L, on, the unknown frequency is | 
off, the unknown is | 
too low. At the point where L, changes 
state, L, flashes at a subaudio beat fre- 
quency. You can adjust the L, beat fre- | 


too high; with L 


1 


You can synchronize an unknown — 
bes frequency with a reference to | 
obtain a zero beat by employing a visu- | 


quency to obtain the zero beat between  @ 


the reference and the unknown. 


The SN7413 Schmitt triggers (1 and — 
al monitor for the audio gap surround- 1A) furnish digital levels to the SN7474 _ 
ing the near-zero frequencies. The JK flip flops (2 and 2A). These flip flops 
visual beat-frequency monitor shown in | 


Figure 1 presents a method of obtaining — 


ence with the phase of the unknown. 


ty 
i ND 














| WANT TO 

| SEE MORE 
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# best Design Ideas 

Ci ta ce eine 
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engineering. 


_ 6A and 7 and 7A. Either NAND 8 or 


present a symmetrical square wave to | 
the SN7400 beat-frequency detector NAND 8A can detect a two count. 
(3) and lamp driver (4). Lamp L, flashes 2 
at the difference beat frequency devel- | 
oped by summing the phase of the refer- 
_ The RS flip flops (9 and 10) store this 
JK flip flops 5 and 5A present a_ 


+2 reset for the binary counters 6 and | 


_ The higher frequency is always detected 


because it resets the lower frequency’s 
binary counter before a count of two. 


detected higher frequency and drive the 
lamp driver (11).e0N 





| Figure 1 Two lamps furnish a visual monitor that allows you to synchronize an unknown frequency with a reference. | 
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Infineon 40V OptiMOS has low on-resistance 
XY The 40V OptiMOS T2 power MOSFETs have on-resistances as low as 1.7 





mQ at 1OV and maximum drain currents as low as 25A. The automotive- 





qualified, lead-free MOSFETs come in TO-220, TO-262, and TO-263 packages. 
Because of package-geometry requirements, die-pad thickness, and chip size, the 
diffusion-soldering die-attach approach is suitable for only these package types. 
The devices offer 40 to 50% better thermal resistance than competing products, 
according to the vendor. The devices also feature no solder bleed-out, no chip tilt, 
and tighter on-resistance and thermal resistance than competing devices. They 







sell for 91 cents each (10,000). 


Infineon Technologies, www.infineon.com 


Cree’s CMF10120D 
Z-FET SIC MOSFET 
touts energy efficiency 


~ The 100V Z-FET family of sili- 

con-carbide MOSFETs includes 
the CMF10120D device and replaces 
IGBTs in power-inverter designs oper- 
ating at 3 to 10 kW. Applications 
include high-voltage power supplies 
and auxiliary power-electronics circuits, 

especially those that convert three- 
phase input power, solar-power 
inverters, industrial-motor 
drives, high-power-de data- 
center power architectures, 


and PFC circuits. The 
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MOSFET has a current of 12A at its 
operating temperature of 100°C. It 
delivers blocking voltages as high as 
1200V with a typical on-resistance of 
160 mQ at 25°C. The device’s on-resis- 
tance remains lower than 200 mQ 
across its operating temperature range, 
reducing switching losses in some appli- 
cations by as much as 50%, increasing 
overall system efficiencies by as much 
as 2%, and operating at two to three 
times the switching frequencies of 
IGBTs, according to the vendor. The 
device comes in a TO-247 package and 
is available from Digi-Key for $20.63 
(one). 

Cree Inc, www.cree.com 








Diodes’ DMP1245UFCL 
P-channel MOSFET 
delivers high efficiency 


Y The DMP1245UFCL P-channel 
MOSFET has a maximum on- 
resistance of 29 mQ at a gate-to-source 
voltage of —4.5V and a maximum drain 
current of —6.6A. | 
Drain-to-source and 
gate-to-source voltages 
are -12 and +8V, and 
continuous-drain cur- 
rent specs are —6.6 and 
—5.25A, respectively, 
at-ambient temperatures of 25 and 
70°C, respectively. Total power dissipa- 
tion at an ambient temperature of 25°C 
is 613 mW when the device is mounted 
on the minimum recommended pad 
layout and 1.7W on a 25x25x1.6-mm 
FR4 PCB with high coverage of a sin- 
gle-sided, 2-0z copper. Gate protection 
is 3 kV, 50% higher than the nearest 
equivalents, and the off-board profile of 
0.5 mm is 20% thinner than that of 
competitive equivalents, according to 
the vendor. The MOSFET sells for 15 
cents (3000). 
Diodes Inc, www.diodes.com 





IR’s IRGP4067DPbfF, 
IRGP4066DPbF tackle 


600V UPS, solar apps 


Y The IRGP4067DPbF and 
IRGP4066DPbF IGBTs can 
switch at 8 to 30 kHz and have a 5-pisec 
short-circuit rating. Other key features 
include a maximum junction tempera- 
ture of 175°C and low EMI. Breakdown 
voltage is 600V with |. figures of 120 
and 75A, respectively, for 
the IRGP4067DP- 
bF and IRGP- 
4066DPbF; 
voltage drop is 
1.9V; junction-to- 
case thermal resis- 
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cance: is 0:20 snd. Gao W for 
the IRGP4067DPbF and IRGP4066- 
DPbE, respectively. he IRGP4067- 


DPbF comes in a super TO-247 package 


and sells for $4.58 (10,000); the IRGP- 


4066DPbF comes in a standard TO-247 


package and sells for $4.80. 
International Rectifier, www.irf.co™ 


SemiSouth's SJDP- 
1420R340 SIC JFE7s 


have low switching loss 


~~ The SJDP120R340 normally o 

SIC trench JFET features a col 
tinuous drain current of 8A, a puled 
drain current of 5A, power dissipaton 
of 48W, and a gate-to-source voltag of 
15 to +15V. Targeting use in scar 
inverter, photovoltaic-microinvert, 
motor-drive, induction-heating, SNPS, 
PEC, and UPS applications, the dwice 
has a typical on-resistance of 340mQ. 
The device’s positive temperaturecoet- 
ficient eases parallelingand fast sritch- 
ing with no tail currett at 150°C. The 


THE ENGINEER 


[www.edn.com] 





device sells for less 
chan $7 (1000). 
SemiSouth 
Laboratories, 
vww.semisouth.com 


Skyworks’ SMP1325- 
087LF PIN diode targets 


switching applications 
\ The surface-mount SMP1325- 
- 087LE PIN diode has amaximum 
resistance of 0.55Q at 100 mA and a 
maximum capacitance of 0.6 pF at 20V. 
The device’s 2W power rating enables 
it to handle 50W continuous-wave and 
500W peak power with a 1-sec pulse 
and a 1% duty cycle ina shunt-connect- 
ed transmit/receive switch. Insertion 
loss is 0.04 dB and linearity is 90 dBm. 
The device. comes in a 2X2-mm OFN 
package and is available from Digi-Key 
‘for 80.384 cents (3000) or 78.5 cents 
(6000). 
Skyworks Solutions Inc, 
www.skyworksinc.com 
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fot ¥\20-foot-wide rolls of paper from pulp 


| no timebase for distance. 
/ went toa DAC for th 
f the hydraulic-control loop. 


This count then 
e analog control in 


All of a sudden, everything flatlined. | 


| Couldn’t see any reason for it, so I started 
| to edjust the coil slugs, which got it to 
work again. This flatlining scenario kept 


aPpeLing every so often, and it was driv- 


_ ‘ng me nuts. I began to time it and found 


that it would quit for about 30 seconds 


_ every 10 minutes. I figured that something 


it the area was jamming my frequency, 


ard I tried all kinds of shielding by plac- 


in, boxes around the LM1812 and certain 
otler components. I even added a twin- 
T iter tuned to the specific frequency. 
Neertheless, the problem recurred about 
evey 10 minutes. I couldn’t track it down 
witkmy scope; everything went fuzzy dur- 
ing te 30-second period. 

ligured that it would act differently 
in thefield inwhich it would operate, so 


_ Imad plans te take it there. | updated 
_and made copie: of my designs. From 
the cojier about 20 yards away, I could 
"see myoscilloscope flatline. Meanwhile, 
é ; 1 was eaning on the copier and felt a 
few VSO, I was working with servo controls _ slight cick and heard a faint whir. The 
_ damnedcopier was doing it! A heater 
to Pl processing. Servo loops with various | 
ceed” monitoring devices hydraulically con- © 
rolls, When you wind paper, the ten- 
sio® ‘face has to decrease as the diameter 
thetW"ou remove the roll from the spindle, 


increase cot ac) and possibly kill someone. At the - 


and smdl fan inside the machine for 
heating and cooling turned on every now 


_ and then—30 seconds every 10 minutes! 


The secretary yelled at me every time 
she needed to make copies because I 


_ always pulled the plug while I was “cali- 
_ brating.” She would then have to wait 


st COU erators D9 rmed tension control manually by | for the machine to warm up oe pie 
ene) MG peng al andetor A apertenvon salle opine Ise 
rar cin auton" the tension on the take-up roll. A | bode ichliben rich sood grounilaalll 
recht ; e dan previously measured the diameter and everything was fine. | wonder how 
contact oli, bud Wanted to go “no-contact” with an | this copy machine passed Underwriters 
of C8© e sans approach involved no micropro- | Laboratories, CE, and whatever other 
\xraso™ as ed siMb i vers controlling Moog valves. _ emission tests existed. It was apparently 
essOts t a _ throwing wideband noise of significant 
stem US 5 only slightly modified one of the exam- _ power back into the 120V-ac line. 
me te 18} Jes. The prototype powered up with | Nevertheless, in the war between our 
cond’ 75 Kk “A problems—and no smoke. I set up  no-contact tension-control system and 
ceivet . aaa 3 arget fixture and started to fine-tune the copy machine, no lives were lost 
prororyF \ad 08 one 2 Pything, and it worked—sort of. Ihad due to flying rolls of paper or irate office 
copper jane 1 ‘ cit been proficient with RF circuits, so | workers—both out to kill.con 
ground F ough bos | Pleased with myself. Even with my 
each © zed drill ,dektronix 465 oscilloscope, I could Mike Page is a retired custom industrial- 
gn ove : qrnet 4 ale transmitting and echo pulses, system control and instrumentation design- 
coppet we ,cewent to my start-stop counter cir- er who now works as a free-lance power, 
AS xowieee : { displayed an arbitrary count with | ADC circuit designer. 
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Switch Unit takes our best-selling 













; eecur 34972A Data Acquisition 2 Ir 
- BenchLin data Re soitdare ScPI spermancainy 
Agilent 34970A to the next level with | 
built-in LAN and USB connectivity. You 3-slot LXI unit with built in 6% eh Flas 
can even control everything remotely | USB and LAN : 2 
via mobile Web interface (phone | 
or tablet). So you can collect and | = 
understand more data, more quickly. $1, 845° Z 
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